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THIED  REPORT  OF  THE  COMMISSION. 


To  THE  Lords  Commissioners  of  Her  Majesty's  Treasury. 

May  it  please  your  Lordships, 

We,  the  undersigned,  whom  Her  Majesty's  Commission, 
bearhig  date  5th  January  1857,  appointed  to  "  inquire  into  the 
"  best°mode  of  distributing  the  Sewage  of  Towns,  and  applying 
"  it  to  beneficial  and  profitable  uses,"  have  now  again,  according 
to  our  instructions,  the  honour  of  reporting  to  your  Lordships 
our  further  progress  in  the  matter  committed  to  us  for  inquiry. 

Since  the  date  of  our  last  Report  (August  1861)  we  have, 
through  a  committee  of  our  number,  consisting  of  Mr.  Lawes  and 
Professor  Way,  continued  at  Rugby  the  experiments  which  were 
undertaken  in  1861  on  the  application  of  sewage  to  land.  The 
report  of  that  committee,  which  we  append,  contains  the  results 
for  the  three  years  1862-4. 

Your  Lordships  will  observe  that  these  experiments  have  not 
been  confined  to  the  application  of  sewage  in  different  quantities 
to  land,  but  have  extended  to  the  consumption,  by  cattle,  of  the 
produce  so  obtained,  and  to  the  production  of  meat  and  milk,  and 
have  been  accompanied  by  a  careful  record  of  the  quantities  and 
market-value  of  the  products,  and  by  numerous  analyses  of  the 
sewage  before  and  after  irrigation,  as  also  of  the  grass  and  of 
the  milk, 

it  appears  to  us  that  these  experiments  have  solved  many  of 
the  difficulties  which  have  hitherto  attached  to  the  question  of  the 
agricultural  application  of  sewage,  and  that  they  leave  no  reason- 
able doubt  of  the  practicability  and  advantage  of  so  employing 
the  sewage  of  towns. 

We  have  also  continued  to  give  our  best  attention  to  all 
kindred  experiments  and  inquiries  which  have  been  going  on 
elsewhere. 

As  the  results  of  our  labours,  extending  over  eight  years,  we 
have  confidence  in  submitting  to  your  Lordships  the  followino- 
conclusions : — 

1.  The  right  way  to  dispose  of  town  sewage  is  to  apply  it 

continuously  to  land,  and  it  is  only  by  such  application  that 
the  pollution  of  rivers  can  be  avoided. 

2.  The  financial  results  of  a  continuous  application  of  sewage 

to  land  differ  under  different  local  circumstances ;  first, 
because  in  some  places  irrigation  can  be  effected  by 
gravity,  while  in  other  places  more  or  less  pumping  must 
be  employed ;  secondly,  because  heavy  soils  (which  in 
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given  localities  may  alone  be  available  for  the  purpose)  are 
less  fit  than  light  soils  for  continuous  irrigation  by  sewage. 
3.  Where  local  circumstances  are  favourable,  and  undue  expen- 
diture is  avoided,  towns  may  derive  profit,  more  or  less 
cousiderablcj  from  applying  their  sewage  in  agriculture. 
Under  opposite  circumstances,  there  may  )iot  be  a  balance 
of  profit ;  but  even  in  such  cases  a  rate  in  aid,  required 
to  cover  any  loss,  needs  not  be  of  large  amount. 

Finally,  on  the  basis  of  the  above  conclusions,  we  further  beg 
leave  to  express  to  your  Lordships  that,  in  our  judgment,  the 
following  two  principles  are  established  for  legislative  application: — 
First,  that,  wherever  rivers  are  polluted  by  a  discharge  of  town 
sewage  into  them,  the  towns  may  reasonably  be  required 
to  desist  from  causing  that  public  nuisance  : 
Second,  that  where  town-populations  are  injured  or  endangered 
in  health  by  a  retention  of  cesspool-matter  among  them,  the 
towns  may  reasonably  be  required  to  provide  a  system  of 
sewers  for  its  removal. 
And  should  the  law,  as  it  stands,  be  found  insufficient  to  enable 
towns  to  take  land  for  sewage-application,  it  would,  in  our  opinion, 
be  expedient  that  the  legislature  should  give  them  powers  for  that 
purpose. 

(Signed)  Essex. 

Robert  Eawlinsoj^. 
J.  Thomas  Way. 
J.  B.  Lawes. 
John  Simox. 


8,  Richmond  Terrace,  Whitehall. 
March  1865. 


Second  Eeport  of  Experiments  on  the  Application  of 
Town  Sewage  to  Grass  Land,  conducted  at  Rugby,  by 
Order  of  the  Royal  Sewage  Commission. 


Seasons  1861,  1862,  and  1863. 

In  the  Second  Report  of  the  Commission,  presented  to  both 
Houses  of  Parliament  in  1862,  an  account  was  given  of  the 
results  obtained  in  the  First  Season  (1861)  of  Experiments  on  the 
application  of  town  sewage  to  grass  land,  which  were  undertaken 
by  order  of  the  Royal  Sewage  Commission,  and  conducted  in  the 
neighbourhood  of  Rugby,  where,  arrangements  being  made  for  the 
distribution  of  the  sewage  of  the  town  over  a  considerable  area  of 
adjacent  land,  the  conditions  were  considered  well  adapted  for  the 
purposes  of  the  inquiry. 

As  stated  in  the  preliminary  Report  above  referred  to,  the  Com- 
mission, guided  by  the  information  acquired  in  the  course  of  their 
investigation  of  the  then  existing  experience  on  the  subject, 
which  had  led  them  to  visit  almost  every  locality  where  town 
sewage  was  applied  in  any  way  to  the  purposes  of  agriculture,  had 
come  to  the  conclusion  that  to  obtain  the  largest  amount  and 
value  of  produce  at  the  least  proportionate  cost  for  distri- 
bution, dilute  town  sewage  should  be  applied  to  the  growth  of 
succulent  crops,  and  that  it  was  best  adapted  for  grass.  It  was 
decided,  therefore,  to  confine  attention,  at  any  rate  in  the  first 
instance,  to  grass  alone. 

In  ai-ranging  the  experiments,  it  was  considered  that  the 
object  was  to  provide  such  information  as  might  be  taken  as  the 
basis  of  arrangements  for  the  application  of  the  sewage  of  towns, 
in  the  manner  the  most  advantageous  to  both  urban  and  rural 
interests. 

To  this  end  it  was  sought  to  determine  :  — 

1.  The  amount  and  the  composition  of  the  produce,  in  relation — 

to  the  amount  of  water  supplied  to  the  land  by  irrigation, 
to  the  amount  of  manurial  constituents  so  applied,  and  to 
the  amount  of  population  contributing  the  manurial  con- 
stituents to  the  water. 

2,  The  most  profitable  method  of  utilising  the  produce ;  that 

is,  whether  it  should  be  used  in  the  green  state  or  as  hay ; 
whether  for  the  production  of  milk  or  of  meat ;  and 
whether  it  should  be  consumed  alone  or  in  conjunction 
with  other  food. 
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In  the  experiments  of  the  first  year,  three  portions  of  land,  of 
about  five  acres  each,  were  operated  upon,  and  each  of  these  was 
divided  into  four  plots,  to  be  treated,  respectively,  as  follo^Y8 : 

Plot  1.  To  be  unsewaged. 

Plot  2.  To  be  irrigated  Avith  sewage  at  the  rate  of  3,000  tons 
per  acre  per  annum. 

Plot  3.  To  be  sewaged  at  the  rate  of  6,000  tons  per  acre  per 
annum. 

Plot  4.  To  be  sewaged  at  the  rate  of  9,000  tons  per  acre  per 
annum. 

The  produce  of  one  such  set  of  four  plots  was  to  be  given,  in 
the  green  state,  to  fattening  oxen ;  that  of  the  second  (also  in  the 
green  state)  to  milking  cows ;  and  that  of  the  third  was  to  be 
made  into  hay. 

As  explained  in  the  former  Report,  owing  to  deficient  supply, 
but  little  sewage  was  applied  to  the  portion  of  land  devoted  to 
the  production  of  hay ;  and,  since  the  first  season,  the  five  acres 
in  question  have  each  year  been  sublet. 

The  results  obtained  an  the  first  year's  experiments  on  the 
other  portions  of  land  were  given  in  detail  in  the  previous  Report ; 
but  it  was  admitted  that  the  experience  of  one  year  only  could  be 
taken  as  little  more  than  initiative  on  many  points ;  it  being 
obviously  essential  to  determine  the  etfects  of  the  continued  appli- 
cation, and  the  influence  of  seasons  of  different  chai'acters,  before 
safe  deductions  could  be  drawn  in  regard  to  some  of  the  most  im- 
portant economical  questions  at  issue. 

The  results  of  two  more  seasons  (1862  and  1863)  are  now  at 
command ;  and  it  is  proposed  to  call  attention  chiefly  to  the  dif- 
ference of  result  obtained  in  the  different  seasons,  and  to  the 
average  result  over  the  three  seasons,  making  but  few  comments 
on  those  of  each  separate  season.  The  full  details  will,  however, 
be  given  for  reference,  in  the  tabular  form,  in  Appendix,  No.  1., 
p.  81,  et  seq. 

In  addition  to  the  experiments  above  referred  to,  which  are  a 
continuation  of  those  already  reported,  by  the  kindness  of  Mr. 
Campbell  some  results  obtained  on  the  application  of  sewage  to 
Italian  rye-grass  and  to  oats  are  also  given. 

For  the  convenience  of  reference  and  comparison,  the  nume- 
rical results  will,  as  far  as  possible,  be  arranged  in  the  same  form, 
and  the  subject  considered  in  the  same  order,  as  in  the  former 
Report. 

I.  Quantities  of  Sewage  applied,  and  of  Green  Produce  obtained. 

In  the  first  season  (1861)  the  application  of  sewage  did  not 
connnence  until  March  in  the  one  field,  and  April  in  the  other ; 
but,  as  it  was  considered  that  any  scheme  for  the  general  appli- 
cation of  town  sewage  to  agricultural  purposes  must  of  necessity 
be  based  on  the  fact  of  a  daily  supply  the  year  round,  which 
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must  be  dealt  witli  in  winter  when  of  comparatively  little  value 
as  well  as  in  summer  when  of  more,  the  amounts  of  3,000,  6,000, 
and  9,000  tons,  respectively,  were,  in  the  second  and  third  seasons, 
distributed  over  the  entire  year,  and  the  quantities  supplied  from 
November  1st  of  one  year  to  October  31st  of  the  next  were  taken 
as  those  to  which  the  increase  of  crop  was  due. 

The  detailed  records  relating  to  the  application  of  the  sewage 
are  given  for  reference  in  Tables  I.  and  II.  pp.  81-89.  Appendix, 
No.  1.  Of  these.  Table  I.,  which  now  follows,  is  a  convenient 
summary. 


Table  I. — Quantities  of  Sewage  applied  per  Acre,  on  each  Plot,  in 
each  Month,  in  each  of  the  Three  Seasons. 


Sewage  per  Acre. 

FiTE-ACBE  Field. 

Ten-acre  Field  (half). 

Plot  2. 

Plot  3. 

Plot  4. 

Plot  2. 

Plot  3. 

Plot*. 

1st  Seasox,  1861 ;  March — October,  inclusive. 


Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Marcli 

032 -1 

1015-1 

1444-2 

April     .       .  . 

279-9 

066-4 

1177-0 

563-0 

1145-9 

137G-9 

May 

75-8 

96-5 

97-7 

18-3 

frl-l 

118-8 

June  ... 

73-8 

223-3 

577-2 

392-3 

July 

531-7 

430-2 

654-1 

512-0 

392-2 

SOS-? 

August 

iso-c 

580-2 

787-3 

225-9 

316-3 

595-1 

September 

lt3-l 

703-3 

014-7 

34-0 

517-7 

381-S 

October 

201-7 

678-2 

800-7 

34-0 

307-7 

455-8 

Totals  -  - 

2073-7 

4123-2 

0152-9 

1387-2 

2803-9 

4226-4 

Rate  per  annum  - 

3110-4 

0634-8 

9229-1 

2378-1 

4806-7 

7215 -4 

2d  Season,  1862 

,  November  1861— October  1862,  inclusive. 

Jfovember  18C1 

313-1 

409-8 

745-0 

116-3 

311-5 

451-4 

December  „ 

126-0 

429-8 

527-6 

71-5 

143-6 

277-S 

January  1862 

323-0 

457-0 

583-3 

77-4 

159-2 

235-7 

Pebruaj-y  „ 

169-2 

575-0 

751-6 

227-5 

187-2 

330-1 

March  „ 

235-1 

455-8 

478-2 

109-9 

374-0 

524-7 

April 

211-8 

603-0 

720-1 

508-5 

903-5 

878 '3 

May 

281-8 

581-4 

768-0 

289-6 

425-1 

1201-5 

June  „ 

77-1 

164-7 

292-7 

173-0 

327-0 

410-0 

July 

580-1 

810-4 

1323-7 

595-5 

1255-9 

2017-0 

August  „ 

309-1 

476-9 

1412-0 

397-5 

1000-8 

1385-0 

September,, 

79-4 

623-0 

628-6 

177-0 

390-3 

776-9 

October  „ 

285-2 

386-5 

730-9 

255-2 

485-5 

517-3 

Totals 

2991-8 

5991-5 

8986-7 

2999-5 

5999 -S 

9004-3 
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Tablr  I. — continued. 

Quantities  of  Sewage  applied  per  Acre,  on  each  Plot,  in  each  Month, 
in  each  of  the  Three  Seasons. 


Sewage  per  Acre. 

PivE-ACEE  Field. 

Tek-acee  Field  (half). 

Plot  2. 

Plot  3. 

Plot  4. 

Plot  2. 

Plot  3. 

Plot  4. 

3d  Season,  1863 

;  November  1862— October  1863, 

• 

inclusive. 

November  18G2 

201-9 

513-0 

806-8 

288-2 

oyt  0 

•7*71  •  Q 
1  li~  O 

December  „ 

m-2 

315-2 

500-1 

151-6 

025-5 

894-6 

January  18G3 

351-2 

489-3 

580-2 

493-6 

436-0 

849-3 

Februai-y  „ 

194-6 

550-6 

655-4 

200-9 

550-9 

1013-6 

March  „ 

482-7 

774-4 

1875-8 

203-9 

390-8 

397-0 

April    ,  „ 

234-2 

550-9 

640-5 

203-9 

395-8 

592-5 

May 

90-4 

579-3 

555-3 

89-8 

582-9 

742-3 

Juno  „ 

■  896-6 

540-9 

462 -5 

385-4 

974-8 

94a-l 

July 

100-9 

426-4 

980-6 

492-4 

344-8 

779-6 

August  „ 

409-5 

964-2 

150-0 

717-0 

September,, 

275-1 

617-3 

660-3 

640-9 

495-1 

October  „ 

57-1 

232-8 

819-0 

391-3 

459-8 

797-1 

Totals 

2998-9 

5999-6 

9000-7 

3001-0 

5999-8 

8998-5 

Summary.    1861,  1802,  and  1863. 

1st    Season ; 
Oct.  31, 1861 

toj. 

2073-7 

4423-2 

6152-9 

1387-2 

2803-9 

4226-4 

2d    Season ; 
Oct.  31, 1862 

to  "I 

2991 -S 

5991-5 

8986-7 

2999-5 

5999-5 

9004-3 

3d   Season  ; 
Oct.  31, 1863 

to| 

2998-9 

5999-6 

9000-7 

3001-0 

5999-8 

8998-5 

Totals 

S064-4 

16417-3 

24140-3 

7387-7 

14803-2 

22229-2 

It  is  seen  that  wlicn  calculated  over  the  entire  season  the  supply 
of  sewage  was  in  each  case  very  nearly  at  the  rate  intended,  but 
that  it  varied  considerably  from  month  to  month.  Kegularity  in 
this  respect  was,  indeed,  sought  to  be  attained  within  certain 
limits,  but  it  was  necessarily  subject  to  various  controlling  circum- 
stances. Thus,  the  sewage  was,  as  a  rule,  applied  on  the  same 
plot  for  an  entire  day  at  a  time,  in  order  the  better  to  secure  its 
even  distribution  over  the  whole,  and  the  rate  of  flow,  and  con- 
sequently the  day's  supply,  varied  considerably.  Then,  again, 
throughout  the  summer  months  the  stage  of  growth  of  the  crop 
much°influenced  the  time  of  application,  Avhich  was  regulated 
so  as  to  ensure,  as  far  as  possible,  the  beneficial  action  of  the  total 
quantity  applied  in  each  case.  Occasionally,  too,  the  supply  was 
entirely  stopped,  owing  to  derangements  in  the  machinery,  a 
matter  over  which  there  was  unfortunately  no  control. 

The  amounts  of  green  grass  obtained  from  the  respective  plots, 
in  each  of  the  three  seasons,  are  shown  in  Tables  II.  and  III. 
(pn  9  and  10);  Tabic  II.  giving  the  amounts  obtained  in  each 
separate  month,  and  Table  III.  those  in  each  successive  crop.  For 
further  details,  see  Appendix  Tables,  III.  and  IV.,  pp.  90-96. 
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Tablk  IL— Amount  of  Green  Grass  obtained  during  each  separate  Month. 


Gkeen  Grass  per  Ache. 

FivE-ACEE  Field. 

Ten-acee  Field  (half). 

Without 
Sewage. 

Plot  1, 

"With  Sewage. 

"Without 
Sewage. 

Plot  1. 

With  Sewage. 

Plot  2.       Plot  3.       Plot  4. 

Plot  2.       Plot  3.       Plot  4. 

First  Season,  1861. 


May 

June 

July 

Aiig. 

Sept. 

Oct. 

Nov. 

Dec. 


Totals 


§  ■§  si 

o   s    <^  I 


3  2  3  27 
3  10  8 

2  2  2  8 
0  19   0  IR 


9   5   3   5 14  16  3 


4  17  0  14 

2  8  0  16 

3  16  2  23 

1  3  0  12 

2  11  3  0 


!2  -2 


7  19  1  23 

4  6  0  26 

4  12  2  8 

6   5  17 

0   8  0  24 

3   9  16 


1   9  3  14 

8  14  3  8 

6  14  0  13 

5  19  2  24 

5   0  0  5 

0  16  0  23 

4  2  0  6 


27    1    0  10  33  16   3  8, 


4  10  1  1 

0   8  1  18 

16  3  9 

2   3  2  7 

0   9  0  S 


S  S  w 

0  14  0  20 

4  11  2  8 

5  5  12 
0  10  2  26 
0  11  0  13 
3  19  1  15 


0   4  0  2 


8  18    0  15 15  16   3  2 


2  -2  p- 

1   4  0  10 

5   4  17 

5   8  0  19 

4  12  1  1 

1  15  0  3 

4   0  3 


0   7   3  21 


OS  *9  .  . 

S  ^  ?■  oi 

■S  S  S.  S 

2  5  0  0 

8  16  1  7 

1  16  3  24 

5  4  2  7 

4  16  2  0 

3  6  0  2 


0   8   2  0 


22  15   2  12  26  13   3  12 


Second  Season,  1862. 


May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 


Totals 


0  8  1  26 
3  16  0  23 
2   8  2  10 

1  10  0  7 


0  19  1  19 

5  10  0  10 

8  2  3  8 

4  16  2  16 

4  0  1  10 

4  8  3  16 


9  15  3  9 

5  16  0  26 

9  12  0  25 

6  12  2  10 


8  7  3  0 
5  15  1  15 
4  19  1  19 
2   0  2  24. 

9  15  0  0 


2  13   1   5  1  n    1  14 


8  3  1  10  27  18   0  18  34  10   0  19  32  9   2  22 


0  17  1  16'  1  14  0  5 
7  10   2  11 15   0   0  3 


2  11   2  0 

0  11   3  0 


0  8  2  24. 
6  12   1  3 


3   8   0  17  0  16   0  8 
3   0   0  5 


1  10  3  9 


16  10   0  25  27  11   0  20 


U  13  2  7 

2   7  2  20 

6  9  3  0 

9  18  1  22 

1  14  3  15 


8  14  0  21 

1  15  1  7 
8  16  1  2 

2  15  3  8 
6   2  2  12 

3  8  0  26 


32   2   1  14  31  12   1  20 


Third  Seasok,  1863. 


April 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 


Totals 


3  18   3  14 


0  19   3  27 


4  9  1  25 
6  4  3  £ 
6  7   3  9 


2  7  1  27 
2  12  1  15 
0   3   0  10 


4  18   3  13  22   5    0  11 


12   4  3  IS 

3  9  2  20 

5  17  2  2 

4  2  3  5 

6  12  0  23 
2  5  3  B 
0  5  2  in 


31.  18  1  27 


3  IG  3  12 

0   0  0  15 

10  13  2  o' 

i 

7  15  3  lo' 

7  14  0.  2j 

0  14  1  20 

0   5  2  24 


;57  0  2  r. 


3  7  3  25 
2  19  3  27 


1  12   3  23 


8  0  3  in 


13  1  3  22 
6  13   0  6 


6   10  2 


0   9  16 


9   0   0  24 


5  10   0  22  11  13   2  21 


4  15  0  13 

5  14  3  0 
1  5  1  12 
3  9  3  20 
0  10  0  5 


25    5    1    8  30  11    2  12  34  19   1  21 


3  14   3  0 

4  7   2  27 


0   9  3  12 

7  16  2  14 

0  12  3  0 

5  12  2  3 

0  11  2  0 
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Table  III.— Amounts  of  Green  Grass  obtained  in  each  successive  Crop. 


Green  Grass  per  Acre. 

TlVE-ACliE  PlELD. 

TEjr-AcnE  Field  (lialf). 

Without 
Sewage. 

With  Sewage. 

Without 
Sewage. 

Plot  1. 

With  Sewage. 

riot  1. 

1 

Plot  2.    1    Plot  3. 

Plot  4. 

Plot  2. 

Plot  3. 

Plot  4. 

First  Season,  1861. 


1st  Croj)  - 

2d  Crop  - 

3d  Orop  - 

4tli  Crop  - 

Totals 


6  4  0  7 
3   1   2  20 


9   6   3  5 


-2  €  &  S 

7  5  11 

4  3  1  25 

3  4  0  11 

0  3  3  27 


10  7  0  24 13  5  1  22 
7  S  1  0  9  13  0  11 
5  IG  1  8  5  14  0  26 
391C4205 


14  16   3   8  27   1   0  10  33  16  3  8 


i3    c   w  S  5   5   c<  S  -iS   5  Ci 


4  18  2  19 
3  19  1  24 


S|-2 

9  13  3  12 11   5   3   2 11   1  1  4 
5  18  2  17 


2  11   0  0 

3  2  3  10 
0  4  0  2 


1  «  t 


7  12  6 
531  Oj  8222 
0   7  3  21,  0   8  2  0 


8  18   0  1515  16   8  2  22  15  2  12'26  13   3  12 


Second  Season,  1862. 


1st  Crop  - 

2d  Crop  - 

3d  Crop  - 

4th  Crop  - 

5th  Crop  - 

Totals 


0  13  1 

1  10  0  7 


314 


8  3  1  in 


12  1 

8  16  3  20 

3  18  1  9 

0  10  2  7 


415 


n  18  0  IS 


12  0 
9  12  0  25 
8  10  5 
1   4   3  10 


714 


3  0  21 

7   0  0  15 

9  15  0  0 

1  11  1  IJ 


;}4  10    0  19  32    9    2  22 


10  19  1  27:16  14  0  8 
3  19  3  17  7  0  3  27 
1  10  393732 
0  8   1  11 


14  1  0  27 

6   9  3 

9  10  1  22 

1  14  3  15 


610 


16  10   0  25  27  11    0  20  32    2   1  14  31  12   1  20 


8  14  0  21 

11  2  9 

8  18  1  20 

3   2  0  5 

0   6  0  21 


TniuD  Season,  1863. 


1st  Crop  - 

2d  Crop  - 

3d  Crop  - 

4th  Crop  - 

5th  Crop  - 

Oth  Crop  - 


Totals 


3  18  3  1-1 10  14  1   0  12  4  3  ISj  9  16   3  27 

I 

0  19   3  27  0739970  22;i0  13   2  0 

I  I 
4   2   3  24  7   2   3   l  :  6  18   2  5 

0  16   3  IS  5  18   0  4 


0   3   0  16 


4  18   3  13  22   5   0  11 34  IS   1  27 


0   5   2  10 


8  11  1  13 
0  14  1  20 
0   5   2  24 


37   0   2  5 


6  7  8  24  13  1  3  22 
1  12  3  23  5  13  0  6 
6  10  2 
0   9  16 


12  9  0  7 

7   2  1 

7   0  0  12 

3   9  3  20 

0  10  0  5 


2411 


8   0   3  19  25   5  1   8  30  11   2  12  34  19  1  21 


2  1  27 

13  2  21 

8   6  1  26 

6  5  13 

0  11  2  0 


SuMM.VRY— 1861,  1862,  and  1863. 


1861 
1362 
1S63 

Average  - 

9  5  3  5 
S  3  1  10 
4  18   3  13 

14  10  3 
27  13   0  IS 
22   5  Oil 

27   1   0  10 

34  10  0  li) 
34  18   1  27 

32  16  S  8 
.■)2  9  2  22 
37   0   2  6 

8  18  0  15 
16  10  0  25 
8   0   3  19 

15  10  3  2 
27  11  0  20 
25   5  1  8 

22  15  2  12 
32  2  1  14 
30  11   2  12 

28  13  3  12 
31  12  1  20 
8t  19  1  21 

7   9  19 

21  13   1  12 

32   3   1  0 

31  2  1  12 

11  3   0  10 

22  17   3  1 

23   9  8  IS 

31   1  3  18 
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Table  II.  shows  that  the  crops  obtained  before  the  end  of  May 
Avere  very  I'nuch  larger  in  the  second  and  third  seasons  than  in  the 
first  season,  in  which  case  no  sewage  had  been  applied  during  the 
winter  months.  The  much  greater  luxuriance  of  growth  lu  the 
early  season  was,  indeed,  remarkable  after  the  winter  applications ; 
and  the  crops  were  invariably  in  the  most  forward  condition  -where 
the  largest  quantities  of  sewage  had  been  applied.  There  is,  of 
course,°a  great  advantage  in  getting  an  early  cut  of  green  food, 
and  a  given  weight  will  be  worth  more  quite  early  in  the  season 
than  some  weeks  later.  Still,  it  is  not  to  be  supposed  that  the 
same  amount  of  increase  of  produce  will  be  obtained  for  a  given 
amount  of  sewage  appHed  during  winter,  as  during  the  periods  of 
active  growth. 

It  is  also  to  be  observed  that  the  crops  obtained  late  in  tlie 
season,  in  September  and  afterwards  for  example,  were  always  con- 
siderably heavier  with  sewage  than  without  it,  heavier  with  6,000 
tons  than  with  3,000,  and  generally  heavier  with  9,000  than  with 
6,000. 

Thus,  not  only  was  the  total  amount  of  produce  obtainable 
per  acre  very  much  increased  by  the  application  of  sewage,  but 
the  period  during  which  an  abundance  of  green  food  was  available 
was  extended  considerably,  both  at  the  beginning  and  the  end  of 
the  season,  and  it  was  the  more  so  the  larger  the  quantity  of 
sewage  applied,  almost  up  to  the  highest  amount  adopted  in  the 
experiments,  namely,  9,000  tons  per  acre. 

Table  III.  shows  that  in  only  one  instance,  that  of  the  10-acrc 
field  in  the  wet  and  cold  season  of  1862,  was  there  any  third  cut 
at  all  without  sewage,  whilst,  with  sewage,  four  or  more  cuttings 
were  always  obtained,  and  the  later  crops  were  pretty  uniformly 
the  larger  the  larger  the  quantity  of  sewage  applied. 

Leaving  the  question  of  the  amounts  of  produce  obtained  during 
each  separate  month,  or  at  each  successive  cutting,  Table  IV. 
shows  the  total  amount  of  produce  on  each  plot,  in  each  of  the 
three  seasons,  and  also  the  amount  of  increase  for  every  1,000 
tons  of  sewage  applied ;  and  produce  and  increase  ai-e  each 
recorded  both  as  green  grass,  and  calculated  as  hay.  The  means 
of  the  results  obtained  in  the  two  fields  are  also  given. 
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In  the  first  and  third  years  (1861  and  1863)  there  was,  in  both, 
fields?,  more  produce,  whether  reckoned  as  green  grass  or  as  hay,  with 
each  'increased  amount  of  sewage  applied.  In  the  wet  and  cold 
season  of  1S62,  however,  although  there  Avas  considerably  more 
oreen  produce  per  acre  from  6,000  tons  of  sewage  than  from  3,000, 
yet,  owing  to  its  more  succulent  condition,  the  amounts  with  the 
larger  quantities  of  sewage  represented  even  a  few  cwts.  less  of 
hay.  On  the  other  baud,  with  9,000  tons  of  sewage,  the  produce 
of  green  grass  was,  in  this  wet  season,  in  both  fields,  less  than  with. 
6,000  tons,  but  calculated  as  hay  it  was  slightly  more.  In  no 
case,  however,  is  the  increase  with  the  larger  amounts  of  sewage 
in  proportion  to  the  increased  application.  This  point  is  well 
illustrated  in  the  two  lower  sections  of  Table  IV.,  which  give,  not 
the  produce  per  acre,  but  the  increase  for  each  1,000  tons  of 
sewage  applied,  reckoned  respectively  as  green  grass  and  as  hay. 

It  is  obvious  that  the  proportion  of  the  produce  to  be  reckoned 
as  increase  due  to  the  sewage  applied  must  depend  very  much  on 
tlie  yield  of  the  nnmanured  land  with  which  the  produce  of  the 
sewaged  land  is  to  be  compared.  It  is  necessary,  therefore,  to 
bear  in  mind  the  quality  and  condition  of  the  land  upon  which  the 
experiments  were  made,  when  estimating  and  judging  of  the 
amounts  of  increase  yielded  for  a  given  amount  of  sewage  applied. 
Both  fields  were  fattening  pastures.  It  may  safely  be  concluded, 
therefore,  that  their  natural  or  unmanured  produce  would  be 
higher  than  that  of  the  average  of  such  land  as  would  be  likely  to 
be  devoted  to  the  growth  of  grass  by  means  of  sewage  on  the 
large  scale.  On  the  other  hand,  there  is  no  reason  to  suppose 
that  under  the  influ.ence  of  a  liberal  supply  of  sewage,  the 
produce  would  be  in  a  corresponding  degree  higher  on  land  of 
high  natural  yield  than  on  land  which,  from  its  suitable  physical 
qualities,  might,  v/ith  sewage,  yield  heavy  'crops,  but  without  it, 
very  light  and  poor  ones.  Tiien,  again,  a  large  proportion  of  the 
grasses  of  a  good  fattening  pasture  will  yield  less  produce  under 
the  influence  of  sewage  than  others  associated  with  them,  and  it 
is  not  until  the  application  has  been  continued  for  some  years  that 
the  more  freely  growing  grasses  become  so  far  dominant  as  to 
secure  the  maxmnmi  result  for  a  given  amount  of  sewao-e  that 
soil  and  season  will  admit  of.  For  these  reasons  it  seems  pro- 
bable that  the  amounts  of  increase  obtained  for  a  given  amount  of 
sewage,  applied  in  these  experiments,  are  more  likely  to  be 
below  than  above  those  which  may  be  anticipated  on  the  continued 
application  of  sewage,  over  large  areas  of  land,  selected,  prepared 
and  properly  seeded  for  the  purpose.  ' 

As  between  tlie  two  fields,  it  should  be  stated  that,  to  the  five- 
a^cre  field  no  sewage  had  been  applied  during  the  season  precedincr 
the  commencement  of  the  experiments;  one  crop  of  hay  had  beeS 
taken  from  it,  and  it  had  afterwards  been  eaten  down  by  sheep, 
lo  the  ten-acre  field,  however,  sewage  had  been  applied  in 
nidefimte  quantity  for  nearly  12  months;  two  crops  of  hay  had 
been  taken  from  the  land  in  the  previous  year,  and  it  had  been 
kept  very  closely  grazed  down  by  stock,  almost  up  to  the  W 
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commencing  the  experiment.  Thus,  though  the  land  of  this  field 
was  undoubtedly  of  higher  natural  quality,  and  was  probably 
also  in  a  higher  condition,  so  far  as  the  influence  of  recent 
manuring  was  concerned,  yet,  owing  to  its  herbage  being  so  much 
more  closely  grazed  down,  it  was  in  that  respect  in  a  less  iiivourable 
condition  for  the  first  year's  crop,  and  accordingly,  in  the  first 
season,  gave,  without  sewage,  less  produce  than  tlie  other,  though 
in  succeeding  seasons  it  gave  much  more.  Indeed,  whilst  in  the 
five-acre  field  the  produce  without  sewage  diminished  from  year  to 
year,  being  even  less  in  the  second  year  than  in  the  first,  notwith- 
standing the  much  larger  amount  of  rain,  it  was  in  the  ten-acre 
field  so  very  much  larger  in  the  second  year  than  in  the  first,  and 
so  very  much  larger  in  both  the  second  and  third  years  in  that 
field  than  in  the  other,  that  it  was  thought,  until  full  inquiry  had 
been  made,  that  there  must  be  some  error  either  in  the  mea- 
surement of  the  land  or  in  the  records.  None  was,  however, 
found ;  and  the  difference  in  the  character  and  composition  of  the 
two  soils,  which  subsequent  examination  showed,  satisfactorily 
accounted  for  the  great  difference  in  their  natural  yield.  For 
further  information  on  this  point  see  p.  63. 

These  few  remarks  on  the  character  and  condition  of  the  land 
in  the  two  fields  will  serve  as  some  explanation  of  the  pro- 
portionally much  greater  difference  in  the  amounts  of  increase  over 
the  natural  produce  from  a  given  amount  of  sewage,  than  in  the 
amounts  of  total  produce  per  acre,  where  the  same  amounts  of 
sewage  are  applied  in  the  different  fields,  or  in  different  seasons. 
A  few  comments  only  need  be  made  on  the  results  themselves  as 
recorded  in  the  Table. 

In  the  first  season  the  sewage  was  not  applied  experimentally 
until  March  in  the  five-acre,  and  April  in  the  ten-acre  field,  and 
hence  the  amounts  of  increase  of  produce  yielded  had  to  be 
reckoned  as  due  to  comparatively  small  quantities  of  sewage 
applied.  Taking  the  average  result  of  the  two  fields,  the  increase 
obtained  for  1,000  tons  of  sewage  applied,  when  reckoned  as 
green  grass,  was  rather  more  when  the  two  larger  than  when  the 
smallest  quantity  of  sewage  was  applied  per  acre,  but  reckoned  at 
one  uniform  condition  of  dryness  as  hay,  it  was  slightly  less  with 
each  increased  amount  of  sewage  applied. 

In  the  wet  and  cold  season  of  1862,  which  was,  of  course, 
fiwourable  for  the  unsewaged  land,  and  by  comparison  the  less 
appropriate  the  greater  quantity  of  sewage  applied,  the  amount 
of  increase  for  1,000  tons  of  sewage,  whether  reckoned  as  green 
grass  or  as  hay,  diminished  considerably  with  each  increase  of 
sewao-e  applied  per  acre.  And  notwithstanding  the  amounts  of 
total  "^produce  per  acre  with  equal  quantities  of  sewage  were  not 
very  different  in  the  two  fields,  the  amounts  reckoned  as  increase 
for  1,000  tons  of  sewage  applied  were  very  much  less  in  the  ten- 
acre  than  in  the  five-acre  field,  owing  to  the  much  larger  produce 
without  sewage  in  the  former. 

In  1863  again,  though  a  much  warmer  and  more  genial  season 
for  the  action  of  sewage,  there  was  still,  though  in  a  much  less 
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def^ree  than  in  1862,  a  diminishing  proportion  of  increase  for  1,000 
tons  of  sewage,  the  larger  the  quantity  applied  per  acre.  There 
was  also,  owing  chiefly  to  the  much  larger  produce  without 
sewage,  much  less  to  be  reckoned  as  increase  for  each  1,000  tons  of 
sewa°e  applied  in  the  ten-acre  than  in  the  five-acre  field. 

It°is  worthy  of  remark,  that  although  the  produce  per  acre 
without  sewage  is  so  much  the  greater  in  the  ten-acre  field  than 
in  the  other°  it  is  with  equal,  but  especially  Avith  the  larger 
amounts  of  sewage,  pretty  uniformly  the  greater  in  the  five-acre 
field.  This  result  was  doubtless  partly  due  to  its  being  better 
fitted,  from  its  porosity,  for  sewnge  irrigation,  but  partly  also  to 
the  ftict,  that  whilst  it  was  comparatively  flat,  allowing  the  sewage 
to  pass  over  it  more  slowly  and  so  to  be  better  absorbed,  the 
ten-acre  field  was  in  high  ridges,  and  steeply  inclined,  rendering 
it  difficult  to  prevent  the  water  running  over  it  too  quickly. 
This  point  will  be  illustrated  further  on  by  reference  to  the  com- 
parative composition  of  the  drainage  water  from  the  two  fields. 

Taking  the  average  results  of  the  three  years,  and  the  two 
fields,  we  have,  with  sewage  applied  at  the  rate  of  3,000  tons  per 
acre  per  annum  a  produce  per  acre  of  a  little  over  22^  tons  of 
green  grass,  equal  rather  more  than  5  tons  of  hay  ;  with  6,000 
tons  of  sewage  rather  more  than  30|  tons  of  green  grass,  equal 
rather  more  than  5|  tons  of  hay ;  and  with  9,000  tons  of  sewage 
rather  more  than  32^  tons  of  green  grass,  equal  about  6^  tons  of 
hay. 

The  largest  quantities  of  produce  reached  were  those  obtained 
with  the  largest  quantities  of  sewage  (9,000  tons  per  acre  per 
annum),  and  in  the  third  year  of  the  experiments,  amountino-  ia 
the  five-acre  field  to  37  tons  of  green  grass,  equal  rather  more 
than  7  tons  of  hay,  and  in  the  ten-acre  field  to  nearly  35  tons 
of  green  grass,  equal  nearly  6  tons  13  cwts.  of  hay. 

The  average  increase  of  green  grass  over  the  natural  produce 
for  1,000  tons  of  sewage  applied  was,  with  3,000  tons  of  sewacre 
per  acre  nearly  6  tons,  with  6,000  tons  of  sewage  rather  more 
than  4  tons,  and  with  9,000  tons  not  quite  3^  tons.  Eeckoned 
as  hay,  the  average  increase  for  1,000  tons  of  sewage  was,  with 
3,000  tons  of  sewage  per  acre  16  cwts.,  with  6,000^' tons  nearly 
1 1  cwts.,  and  with  9,000  tons  9^  cwts.  As,  however,  these  averac^e 
results  relating  to  increase  include  those  of  the  ten-acre  field,  where, 
owing  to  the.  very  high  natural  produce,  the  amount  reckoned  as 
increase  due  to  sewage  was  comparatively  small,  it  is  probable  that 
results  equal  at  any  rate  to  those  of  the  five-acre  field  mav  be 


expected  in  the  average  of  cases  elsewhere ;  and  where,  as  may 
frequently  happen,  a  soil  which  yields  a  very  small  natural  pro- 
duce may,  nevertheless,  owing  to  its  physical  qualities,  be  well 


adapted  for  the  application  of  sewage  and  give  large  amounts  of 
produce  per  acre  under  its  influence,  the  amounts  of  increase  for  a 
given  amount  of  sewage  applied  may  be  even  considerably  hio-her 
than  those  obtained  in  the  five-acre  field.  ° 

The  general  result  is,  that  there  was  much  more  total  produce 
per  acre  with  6,000  tons  of  sewnge  than  with  3,000,  and  more  still 
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with  9,000 ;  but  that  the  increase  for  a  given  amount  of  sewage 
apphed  was  less  with  9,000  tons  than  with  6,000,  and  less  with 
6,000  than  with  3,000. 

The  increase  in  the  amount  of  produce  with  each  increase  in 
the  quantity  of  sewage  applied  appears  proportionally  greater 
when  reckoned  as  green  grass  than  as  hay.  This  is  due  to  the 
much  greater  succulence,  and,  therefore,  less  proportion  of  dry 
substance  in  the  more  highly  sewaged  and  heavier  crops.  The 
question  arises,  whether,  with  a  less  proportion  of  dry  substance  in 
the  sewaged  grass,  a  given  weight  of  that  dry  substance  will  have 
a  greater  or  a  less  value  as  food  for  stock  than  an  equal  weight 
from  the  less  succulent  unsewaged  grass  ?  This  point  will  be 
fully  considered  in  subsequent  Sections  of  the  Report. 

II.  Experiments  with  Italian  Rye-yrass. 

In  April  1863  arrangements  were  made  with  Mr.  Campbell 
for  gauging  the  sewage  applied,  and  weighing  and  sampling  the 
produce  obtained,  in  a  field  of  Italian  rye-grass,  and  also  for 
trying  the  feeding  qualities  of  the  grass.  "From  the  field  in 
question,  a  crop  of  tares,  Avbich  had  been  manured  with  farm- 
yard dung,  had  been  carried  oflf  in  the  spring  of  1862.  The 
land  was  then  cleaned,  again  manured  with  stable  and  farm -yard 
dung,  and  sown  down  with  rye-grass  in  September  (1862);  and, 
at  the  time  of  commencing  the  experiment  iii  the  following  Spring, 
there  was  a  promising  and  tolerably  even  crop. 

Three  plots  of  about  an  acre  each  were  set  apart ;  plot  1  to  be 
unsewaged ;  plot  2  to  receive  sewage  at  the  rate  of  3,000 ;  and 
plot  3  at  the  rate  of  6,000  tons  per  acre  per  annum.  So  meagre 
was  the  flow,  however,  that  up  to  the  end  of  October  (1863)  only 
787  tons  had  been  applied  to  plot  2,  and  1,522^  tons  to  plot  3, 
instead  of  1,512  and  3,057  tons,  respectively,  that  were  required 
according  to  the  rates  intended,  reckoning  from  the  date  of  the 
first  application  in  the  Spring. 

The  particulars  of  the  amounts  of  sewage  applied,  and  of  the 
amounts  of  produce  and  increase  obtained,  reckoned  both  as  green 
grass  and  in  the  condition  of  dryness  of  hay,  are  given  in  Table  V., 
p.  17.  Further  details  will  be  found  in  Appendix,  Table  V., 
pp.  97-100. 
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Table  V -Amounts  of  Sewage  applied,  and  of  Produce  and  Increase 
■    obtained,  in  Experiments  on  Italian  Rye-grass. 


Season  1863. 


"Without  Sewage. 

With  Sewage. 

Plot  1. 

Plot  2. 

Plot  3. 

Sewage  applied  per  Acre. 

April 

May 

June 

July 

August 

September 

October 


Total 


Tons. 

152-1 
178-0 
218-1 
120-8 
60-1 
58-1 


787-2 


Tons. 

48-0 
257 -G 
354-7 
403-1 
103-4 
219-9 

75-9 


1522 -G 


Eye-grass  obtained  per  Acre,  during  each  separate  Month 


April 

May 

June 

July 

August 

September 

October 


Tons  cwts.  ors. 

lbs. 

Tons  cwts.  grs. 

lbs. 

Tons  cwts.  qrs. 

lbs. 

3  4 

1 

21 

4 

3 

1 

22 

3 

15 

3 

15 

1  17 

2 

23 

1 

11 

1 

7 

8  18 

0 

22 

7 

i 

1 

27 

0 

9 

3 

18 

5 

IG 

3 

21 

6 

10 

2 

21 

2  0 

1 

13 

1 

14 

1 

13 

3 

0 

2 

10 

0  9 

2 

7 

.  0 

13 

1 

6 

1 

12 

0 

11 

0  6 

0 

9 

1 

5 

3 

16 

2 

3 

0 

12 

16  16 

0 

19 

20 

15 

1 

21 

25 

3 

2 

5 

Eye-grass  obtained  per  Acre,  in  each  successive  Crop. 


1st  Crop 

5 

2 

0 

16 

4 

3 

1 

22 

3 

15 

3 

15 

2d  Crop 

8 

18 

0 

2 

7 

1 

1 

27 

5 

14 

0 

3 

3d  Crop 

2 

0 

1 

13 

6 

16 

3 

21 

7 

7 

1 

IS 

4th  Crop 

0 

9 

2 

7 

1 

14 

1 

13 

4 

2 

2 

23 

5th  Cro]) 

0 

G 

0 

9 

0 

13 

1 

6 

2 

0 

1 

23 

Cth  Crop 

1 

5 

3 

16 

2 

3 

0 

12 

16 

16 

0 

19 

20 

15 

1 

21 

25 

3 

2 

5 

Summary  of  Produce  per  Acre. 

Green  Grass 

16 

16 

0 

19 

20 

15 

1 

21 

25 

3 

2 

5 

Reckoned  as  Hay*  - 

4 

18 

3 

8 

5 

5 

0 

16 

5 

12 

2 

11 

Increase  of  Produce  per  Acre. 


As  Green  Grass 
Reckoned  as  Hay* 


7 
13 


14 
8 


Increase  for  each  1,000  Tons  of  Sewage  applied. 


As  Green  Grass 
Reckoned  as  Hay* 


17 

5 


The  amount  of  hay  to  which  the  grass  is  equivalent  is  calculated  by  raising  the  amount  of 
the  experimentally  determined  perfectly  dry  or  solid  substance  in  the  grass,  in  the  proportion 
or  ivoin  84  to  100,  on  the  assumption  that  the  hay  would  contain  81  per  cent,  of  dry  substance 
and  10  per  cent,  moisture. 

When  tlie  experiment  with  rye-grass  was  determined  upon 
early  in  April,  the  grass  was  so  far  forward  that  it  was  found 
necessary  to  take  a  first  cutting  without  sewage,  before  the 

10710.  jj 
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water-runs  could  be  properly  adapted  for  tlic  separate  Irrigation 
of  the  respective  plots,  and  hence  but  little  sewage  was  applied 
before  the  end  of  April,  and  that  little  only  on°plot  3.  The 
effect  of  the  sewage  was,  therefore,  as  the  second  and  third 
divisions  of  the  Table  show,  to  increase  the  produce  chiefly 
during  the  later  months  and  later  crops  of  the  season,  and  it 
did  so  very  much  in  proportion  to  the  amounts  applied. 

The  total  produce  per  acre  was,  without  sewage  (though 
otherwise  pretty  well  manured),  rather  more  than  16|  tons, 
Avith  787  tons  of  sewage  rather  more  than  20|  tons,  and  with 
1,5221  tons  of  sewage  nearly  25^  tons  of  green  grass;  or, 
reckoned  at  a  uniform  condition  of  dryness  as  hay,  the  amounts 
were  equivalent  to  4  tons  18|  cwts.,  5  tons  5^  cwts.,  and  5  tons 
121  cwts.  respectively.  The  increase  of  produce  per  acre  was, 
therefore,  nearly  4  tons  of  green  grass  due  to  the  smaller,  and 
about  8  tons  7^  cwts.  due  to  the  larger  application  of  sewage  ; 
though  the  increase  in  real  dry  substance  represented  only  6^  cwts., 
and  13|  cwts.  of  hay,  respectively. 

The  increase  reckoned  for  1,000  tons  of  sewage  in  each  case 
was,  with  the  smaller  quantity  applied,  5  tons  Of  cwts.,  and 
with  the  larger  quantity,  nearly  5  tons  10  cwts.  of  green  grass ; 
but  the  increase  of  real  dry  substance  represented  only  8  cwts., 
and  9  cwts.  of  hay,  respectively.  The  increase  in  real  dry  or 
solid  substance  was,  tlierefore,  very  small ;  but  it  will  be  seen 
further  on  that,  at  any  rate  in  the  case  of  the  meadow  grass 
(and  it  is  probably  the  same  with  the  rye-grass),  a  given  amount 
of  the  dry  substance  of  the  sewaged  produce  was  more  productive 
of  milk,  and  even  slightly  more  of  increase,  than  an  equal  amount 
of  the  dry  substance  of  the  unsewaged. 

The  general  result  is,  that  there  was  as  much  or  more  increase 
of  green  produce  for  1,000  tons  of  sewage  with  the  rye-grass  than 
in  most  of  the  cases  in  the  same  season  with  the  meadow-grass, 
where  so  very  much  larger  quantities  of  sewage  were  applied, 
though  the  increase  of  dry  substance  reckoned  as  hay  was  gene- 
rally the  higher  with  the  meadow-grass.  That  is  to  say,  the  com- 
paratively large  amounts  of  sewage  applied  to  the  meadow-grass 
gave,  on  the  average,  a  larger  amount  of  increase  in  dry  or  solid 
substance,  for  a  given  quantity  of  sewage,  than  the  much  smaller 
amounts  applied  to  the  rye-grass.  It  is  also  to  be  observed  that 
there  was  a  larger  amount  of  increase,  both  of  green  grass  and  of 
dry  substance  reckoned  as  hay,  for  a  given  quantity  of 
plot  3  with  the  larger,  than  on  plot  2  with  the  smaller  amount 
applied  to  the  rye-grass.  The  facts  point  to  the  conclusion  that, 
for  the  season  in  question,  the  larger  quantity  applied  was  below 
that  required  to  yield  the  maximum  increase  for  a  given  amount 
of  sewage.  It  is  obvious,  however,  that  it  may  be  advanta-geous 
even  to  pass  this  point;  for,  Avithin  certain  limits,  it  will  be 
economical  to  reduce  the  area  and  cost  of  distribution  at  the 
expense  of  a  certain  sacrifice  of  sewage. 

It  is  to  be  regretted  that  the  plant  of  rye-grass  was  bo  much 
injured  by  frost  during  the  winter  of  1863-4  (and  it  was  the  more 


Tabie  VI.  Summary  of  the  Results  of  the  Feeding  of  Oxen  on  Unsewaged  and  Sewaged  Meadow  Grass  alone,  and  with  Oilcake  in  addition. 

Seasons  1861  and  1862. 


11 

'       Consumed  per  Head  per  Day. 

Consmued  per  1,000  lbs. 
weigut  i>er  week. 

Live- 

Consumed  to 
Increase  in 

jroduce  100  lbs. 
Live-weight. 

Results  calculated  per  Acre. 

Hesults  calculated 
per  1,000  tons  sewage  applied. 

Plots, 

Fresh  Food. 

Drv  Substance 
of  Food. 

FreshFood. 

Bry  Substance 
of  Food. 

Fresh  Food. 

Dry  Substance 
of  Food. 

Increase 

in 
■Weight 

per 
l.OOOlbs. 
Live- 
weifiht 

per 
■\Vcek. 

Oilcako 
cousumec 
with  the 

Time  the 
Produce 
of 

each  Acre 
(with 

Oilcake, 
if  any,) 
would 
keep 
1  Os. 

Amount  of 
Increase  in  Live- 
weight  the 
Produce  of  each 
Acre  would  yield. 

Value  of 
Increase  in  Live- 
weight  from 
each  Acre 
at  id.  per  lb. 

Amount  of  Increase 
in  Live-weight 

from  the  increased 
Produce  from 

1,000  tons  Sewage. 

Value  of  Increase 
in  Live-weight 

fVom  the  increased 
Produce  from 

1,000  tons  Sewage. 

Grass. 

Oacake. 

In 
Grass. 

In 
Oilcake. 

Grass. 

Oilcake. 

In 
Grass. 

In 
Oilcake. 

Grass. 

Oilcake. 

In 
Grass. 

In 
Oilcake. 

Pi'oduce 
of  each 
Acre. 

Including 
the 

Oilcake 
consumet 

(if  any). 

Exclusive 
of 

Oilcake.* 

Including 
the 

Oilcake 
consumec 

(if  any). 

Exclusive 
of 

;Oilcake.' 

Including 
the 

Oilcako 
consiuncd 

(if  any). 

Exclusive 
of 

Oilcake.* 

Including 
the 

Oilcake 
consumed 

(if  any). 

F/Zclusive 
of 

Oilcake.* 

Season  1861 

;  Period  of  Experiment  16  -weeks,  May  27 — Sept.  15  ;  Food- 

-Meadow  Gi-ass. 

'  Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs.  ozs. 

Lbs. 

■Weeks. 

Lbs. 

Lbs. 

£  s.  d. 

e  ».  d. 

Lbs. 

Lbs. 

£  s.  d. 

6  t.  d. 

1.  TJoaevased        *  j 

S9-S 

23-7 

576 

152 

23,669 

6,246 

2  7 

88 

19  4 

S.  Senged  • 

I 

m 

134} 

2   4  10 

24| 

0  8  3 

S.  Sawaeed   -  - 

los-a 

21-3 

66S 

135 

24,735 

5,000 

2  ll-i 

521 

245 

4  18 

35} 

0  11  10 

4.  Sewaged     -  -J 

90? 

297} 

4  19  2 

34 

0  11  4 

Season  1862  ; 

Eeckoning  the  Period  of  Experiment  from  May  8 

—Oct.  13  =  22^  wceksf  !  Food- 

—Meadow  Grass  and  Oilcake. 

1.  Fnsenged 

105-4 

3-5 

2s-e 

3-1 

531 

19-7 

131 

17-4 

6,213 

210 

1,359 

186 

9  6 

618i 

24f 

2!)4i 

209} 

4  18  2 

3   9  10 

2.  Sewiged    -  -1 

r 

l,766f 

70f 

908} 

665 

15  2  9 

11   1  8 

205} 

152} 

3  8  5 

2  10  9 

3.  Sewaged     -     -  V 

12«-1 

3-5 

20-9 

3-1 

7M 

19-9 

117 

17-6 

6,883 

196 

1,141 

172 

10  4| 

2,184} 

87$ 

1,123 

322{ 

13  14  4 

13  14  3 

138} 

102} 

2  6  1 

1  14  I 

t.  Sewaged    -  -J 

2,056} 

m 

1,067} 

774} 

17  12  6 

12  18  1 

84{ 

62} 

18  3 

1  0  11 

Season  1862  ; 

Beckoning  the  Period  of  Experiment  from  June  5 — Oct.  13  =  18f  -weeks  t ;  I'ood 

— Meadow  Grass  and  Oilcake. 

L  TJnaewaeed 

1W9 

S-7 

23-9 

3-3 

58S 

19-5 

127 

17-2 

8,489 

310 

2,010 

274 

6  5 

6ii8 

25; 

215i 

120} 

3  11  10 

2   0  3 

2.  Sewaged     -  -"j 

f 

I,86Si 

72f 

686{ 

426} 

11  8  7 

7  0S 

167} 

mi 

2  12  6 

1  IS  e 

S.  Sewaged    •  ■\ 

r 

1S8-2 

3-7 

20-9 

3-3 

ess 

19-7 

112 

17-4 

9,115 

273 

1,549 

241 

7  4| 

2,310f 

9t 

848 

520} 

14   2  8 

8  13  5 

105} 

66} 

1  15  2 

1   2  S 

i.  Sewaged     ■  -J 

ij 

2,175} 

84? 

798} 

489} 

13   8  1 

6  3  3 

64} 

41 

117 

0  IS  8 

•  The  m/««  o»  the  mCTease  in  hTejweigbt,  exclusive  of  oUcale,"  is  reckoned  by  deducting  the  cost  of  the  cake  consumed,  less  the  estimated  value  of  the  manure  it  yields,  from  the  gross  value  inclusive  of  oilcake  j  and  the  amount  of  increase  in  live- 
weight,  "ciclusiTeor  oucake,  by  deducting  ITom  the  gross  incraueirtth  oilcake,  at  the  rate  of  1  lb.  for  every  4<;.  of  deducted  value.  In  further  explanation  it  may  be  observed,  that  wlien  the  cheaper  cakes,  such  as  rape-cake  or  cotton-cake,  were  used, 
a  Terr  much  larger  proportion  of  the  cost  was  chargeable  against  the  manure,  and  therefore  very  much  less  against  the  animals,  than  when  hnseed-cake  was  employed.  Such  estimates  are,  however,  obviously  only  approximations  to  the  truth. 

t  This  period  includes  the  a|st  three- weeks  during  which  the  two  oxen,  otherwise  fed  on  unsewaged  grass,  received  sewaged  grass. 

I  Tbs  period  excludes  the  first  month  of  the  eipenment,  during  three  weeks  of  which  the  two  oxen,  otherwise  fed  on  unsewaged  grass,  received  sewaged  gi-ass. 
1074«. 
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so  where  the  sewage  had  been  the  most  liberally  applied),  that  it 
was  necessary  to  plough  it  up,  otherwise  the  experiment  would 
have  been  continued  throiigh  the  season  of  1864.  Instead  of  this, 
barley  was  sown  over  the  three  plots  without  any  further  manure, 
and  it  was  obvious  to  the  eye  during  growth  that  the  crop  was 
much  heavier  where  sewage  had  been  applied  to  the  rye-grass  than 
where  it  had  not,  and  heavier  _  where  the  larger  than  where  the 
smaller  quantity  had  been  applied. 

III.  Experiments  with  fattening  Oxen. 

As  in  1861,  so  in  1862,  10  oxen  were  purchased  and  tied  up  in 
a  shed  to  consume  the  grass  from  the  five  acre  field ;  two  to  be 
fed  on  unsewaged,  and  the  remaining  eight  on  sewaged  grass;  the 
latter  to  be  cut,  as  ready,  indiscriminately  from  the  three  sewaged 
plots.  In  1861,  the  animals  had  grass  alone  for  the  first  16  out 
of  the  20  weeks  of  the  whole  experiment,  and  they  had  oilcake  in 
addition  (four  pounds  per  head  per  day)  only  during  the  concluding 
four  weeks.  The  object  was  to  try  grass  alone  in  the  first  season, 
and  the  result  was  very  unfavourable.  In  1862,  oilcake  Avas  given 
in  addition  to  the  grass  from  the  commencement,  in  quantity  which, 
averaged  over  the  whole  period  of  nearly  23  weeks,  amounted  to 
about  3|-  lbs,  per  head  per  day. 

The  detailed  records  of  the  experiments  in  1861  were  given  in 
the  Appendix  to  the  last  Report,  and  those  of  the  experiments  of 
1862  will  be  found  in  Tables  VI.  to  VIIL,  pp.  101-108,  in  the  Ap- 
pendix to  the  present  Report.  Table  VI.  (opposite)  summarises,  and 
brings  together  at  one  view,  the  results  obtained  in  1861  on  grass 
alone,  and  those  in  1862,  on  grass  with  oilcake  in  addition.  The 
upper  division  of  the  Table  relates  to  the  experiments  of  1861 ; 
the  middle  one  to  the  whole  period  of  experiment  of  1862, 
including  the  first  four  weeks  during  three  of  which  the  oxen 
professedly  on  unsewa,ged  grass,  had  (for  want  of  supply)  sewaged 
grass ;  and  the  lower  division  represents  the  results  exclusive  of 
the  first  month.  Inasmuch  as  both  lots  increased  very  much  more 
during  the  first  month  than  afterwards,  the  rate  of  increase  on 
the  whole  would  appear  comparatively  small  if  that  period  were 
omitted;  whilst,  including  it,  included  also  the  period  of  three 
weeks  during  which  the  two  oxen  had  sewaged  grass.  It  was 
thought  better,  therefore,  to  give  the  results  both  ways.  The 
comparison  between  the  effects  of  the  unsewaged  and  the 
sewaged  grass  is,  however,  much  the  same  whichever  period  be 
adopted. 

In  both  years  a  greater  weight  of  the  fresh  sewaged  grass  was 
consumed  per  head  per  day,  and  per  1,000  lbs.  live-weight  per 
week,  than  of  the  less  succulent  imsewaged  grass;  but  the  dry 
or  solid  substance  contained  in  the  larger  amount  of  sewaged 
grass  consumed  was  less  than  that  in  the  unsewaged.  Again, 
when,  as  in  1861,  grass  was  given  alone,  more  of  the  sewaged 
than  of  the  unsewaged,  reckoned  in  the  green  or  fresh  state, 
was  required  to  produce  100  lbs.  increase  in  live-weight ;  though 
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the  amount  of  dry  substance  contained  in  the  sewaged  grass  so  re- 
quired was  only  about  four  fifths  as  much  as  that  in^thc  iinsewaged 
grass.  But  when,  as  in  1862,  a  fair  allowance  of  oilcake  was 
given  in  addition,  very  much  less  both  of  fresh  food  and  of  dry 
or  solid  substance  of  food  were  required  to  produce  100  lbs. 
increase  in  live-weight  than  in  1861  with  grass  alone,  and  con- 
siderably less  of  the  dry  or  solid  substance  of  the  more  succulent 
sewaged  than  of  the  drier  unsewaged  grass  was  required. 

It  is  also  observable,  that,  reckoned  in  the  green  state,  about 
the  same  amount  both  of  tlie  unsewaged  and  sewaged  grass  was 
consumed  per  1,000  lbs.  live-weight  pe\-  week  in  1862  with  oilcake 
in  addition,  as  in  1861  with  grass  alone;  but  the  dry  substance 
supplied  in  the  grass  consumed  iu  1862,  with  oilcake,  was,  both 
with  the  unsewaged  and  the  sewaged  grass,  less  than  in  1861 
without  it. 

The  result  in  1861,  when  cut  grass  was  given  alone,  was 
extremely  unsatisfactory,  the  amount  of  food  required  to  pro- 
duce a  given  amount  of  increase  being  imusually  large,  and 
the  rate  of  increase  on  a  given  weight  of  animal  Avithin  a 
given  time  unusually  small.  But  wheiij  in  1862,  oilcake  was 
given  with  the  grass,  and  especially  when  given  with  the 
sewaged  grass,  very  much  better  results  were  obtained.  Indeed, 
in  1862,  the  rate  of  increase  per  1,000  lbs.  live-v/eight  per  week 
(if  taken  over  the  whole  period  of  nearly  23  weeks)  was,  both  with 
unsewaged  and  with  sewaged  grass  (and  oilcake  in  addition),  about 
equal  to  the  average  obtained  with  animals  of  fair  quality  fed  on 
good  fattening  food ;  but  the  food  consumed  for  the  production 
of  100  lbs.  of  increase,  even  in  the  case  of  the  sewaged  grass, 
contained  more  dry  or  solid  substance  than  is  usually  required 
when  oxen  are  liberally  fed  on  oilcake,  hay-chaff,  and  roots,  and 
with  the  unsewaged  grass  considerably  more.  It  should  be  borne 
in  mind,  however,  that  the  experiment  with  unsewaged  grass  was 
on  two  animals  only,  whilst  that  with  the  sewaged  was  on  eight, 
giving,  therefore,  a  much  more  trustwortliy  average ;  and  the 
results  given  in  Appendix,  Table  VII.  p.  107,  show  that  one  of  the 
two  oxen  on  unsewaged  grass  gave  less  increase  than  any  of  those 
on  the  sewaged,  whilst  the  other  gave  considerably  more  than  the 
average  increase  of  the  latter. 

The  general  result  is  that  the  sewaged  grass  cut  green  and 
given  to  oxen  tied  up  under  cover,  gave,  when  supplemented 
with  a  fair  allowance  of  oilcake,  a  good  average  rate  of  increase 
in  relation  to  the  weights  of  the  animals  within  a  given  time,  and 
also  a  moderate  rate  of  increase  in  relation  to  the  amount  of  dry 
or  solid  substance  provided  in  the  food  consumed. 

It  remains  to  say  a  few  words  on  the  last  ten  columns  of 

Table  VI.  ,      .       ,  •  , 

It  is  seen  that,  by  the  aid  of  sewage,  the  tune  which  an  acre 
of  land  would  provide  food  for  an  ox  was  increased  three  or  more 
fold,  varying  according  to  the  amount  of  sewage  employed. 
TakiufT  into  account,  however,  the  large  amounts  of  oilcake 
consumed  with  the  produce  of  each  acre  in  1862,  it  results 
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Ih'xt  fexcepting  on  plot  2,  where  the  produce  was  very  much 
]ar<rer  than  in  1861)  a  given  area  would  support  considerably  less 
stock  in  the  cold  and  wet  season  of  1862  than  in  the  more  gemal 

one  of  1861.  .    ,         .   ^  ^    ^    n  .1  1 

The  amount  of  increase  in  live-weight  yielded  from  the  produce 
of  an  acre  was  also  increased  several  fold  by  means  of  sewage ; 
about  three-fold  with  the  highest  amount  of  sewage  when  the 
<nass  was  consumed  alone,  and  nearly  four-fold  in  1862,  when 
oilcake  was  given  in  addition,  in  much  about  the  same  proportion 
to  a  given  amount  of  the  unsewaged  and  the  sewaged  grass. 

It  was  shown  in  the  last  Eeport  how  very  small  was  the  gross 
money  value  of  the  increase  in  live-weight  obtained  from  the 
consumption  of  the  produce  of  an  acre,  or  of  the  increased 
produce  from  1,000  tons  of  sewage,  when  the  grass  was  con- 
sumed alone,  and  the  results  then  referred  to  are  given  in  the 
upper  division  of  the  Table  to  compare  with  those  in  the  lower 
divisions  relating  to  1862,  when  oilcake  was  also  used.  The  result 
is  seen  to  be,  that  the  money  value  of  the  increase  in  live-weight 
from  the  pi-oduce  of  an  acre  of  sewaged  land,  or  from  the  produce 
of  1,000  tons  of  sewage,  was  very  much  greater  in  1862,  when 
oilcake  was  given,  than  in  the  corresponding  cases  in  1861  with- 
out it.  The  money  return  per  acre  was  also  from  three  to  four 
times  as  great  with  sewage  as  Avithout  it,  and  although  it  is  greater 
Avhere  9,000  or  6,000  than  where  only  3,000  tons  of  sewage  were 
applied,  yet  the  return  calculated,  not  per  acre,  but  for  each 
1,000  tons  of  sewage,  is,  in  each  case,  the  less  the  greater  the 
amount  applied. 

The  next  section  of  the  Report  Avill  show  that  a  very  much 
higher  money  value  was  obtained  both  from  an  acre  of  land, 
and  from  a  given  amovmt  of  sewage,  when  the  sewaged  grass 
was  employed  for  the  production  of  milk  instead  of  meat.  "But 
it  may  be  mentioned  that  at  Croydon,  although  the  land  is  there 
more  liberally  sewaged  than  was  the  case  in  any  of  the  Rugby 
experiments,  satisfactory  results  have  been  obtained  with  fattening 
stock  fed  on  the  land.  The  practice  there  is,  to  irrigate  for  three 
or  four  days  and  nights  together  two  or  three  times  for  each  crop, 
and  when  the  grass  has  got  a  sufficient  head,  to  stop  the  appli- 
cation and  turn  the  stock  upon  the  land,  where  they  remain  until 
the  grass  is  closely  eaten  down ;  they  are  then  removed,  the  land 
is  re-irrigated,  and  so  on. 


IV.  Experiments  with  Milking  Cows. 

By  the  kindness  of  Mr.  Campbell,  experiments  were  made  with 
his  cows  each  year,  1861,  1862,  and  1863,  on  the  milk-yieldin- 
qualities  of  the  grass.  ° 

In  1861,  12  of  Mr.  Campbell's  cows  were  carefully  selected 
and  set  apart  to  be  fed  on  grass  alone,  2  on  unsewaged  and  10  on 
sewaged  grass,  and  the  experiment  was  so  conducted  over  a  period 
ot  16  weeks.    It  was  afterwards  continued  for  4  weeks  lono-er 
with  an  allowance  of  oilcake  as  well  as  "Tass.  ° 
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In  1862,  3  cows  were  selected  to  receive  oilcake  and  unsewaged, 
and  12  oilcake  and  sewaged  grass,  and  the  experiment  was  con- 
tinued for  24  weeks.  • 

In  18 63,  20  recently  calved  cows  were  selected,  5  to  be  fed  on 
unsewaged  meadow  grass,  10  on  sewaged  meadow  grass,  and  5  on 
Italian  rye  grass.  The  design  was  to  give  each  lot  grass  alone  for 
the  first  12  weeks,  and  afterwards  a  certain  amount  of  oilcake  in 
addition. 

The  detailed  records  of  the  experiments  with  cows  in  1861 
were  given  in  the  Appendix  to  the  last  Keport ;  and  those  of 
the  experiments  in  1862  and  1863  will  be  found  in  Tables  IX.  to 
XIV.,  pp.  109-162,  in  the  Appendix  to  the  present  Eeport.  The 
results  of  all  the  experiments  are  given,  in  a  condensed  form,  at 
one  view,  in  Table  VII.  opposite. 

Leaving  the  more  detailed  Tables  for  reference,  to  supply  any 
further  illustrations  or  explanations  that  may  be  needed,  it  Avill 
be  sufficient  to  make  a  few  comments  on  the  main  facts  brought 
to  view  in  the  last-mentioned  summary  Table. 

Reviewing  the  results  of  the  experiments  in  which  sewaged  was 
tried  against  unsewaged  meadow  grass,  it  is  observable  that,  ex- 
cepting in  the  first  season  (1861),  the  cows  required  more  both 
per  head  per  day,  and  per  1,000  lbs.  live  weight  per  week,  of  the 
fresh  or  green  sewaged  than  of  the  unsewaged  grass ;  yet,  the  yield 
of  milk,  both  per  head  and  per  1,000  lbs.  live  weight,  was,  with- 
out exception,  the  greater  with  the  unsewaged  grass.  The  increase 
in  live  weight  Avas  also  somewhat  the  greater  on  the  unsewaged 
grass  in  1861  and  1862,  but  the  contrary  was  the  case  in  1863. 

Reckoned  in  the  fresh  or  green  state  in  which  it  was  cut  and 
carted,  there  was,  in  fact,  in  every  case  but  one  (and  then  the 
quantities  were  equal),  considerably  less  of  the  unsewaged  than 
of  the  sewaged  grass  required  to  be  consumed  for  the  produc- 
tion of  one  gallon  of  milk.  It  should  be  remarked,  however, 
that  the  unsewaged  grass  was  generally  cut  in  a  much  riper  and 
less  succulent  condition,  and  therefore  contained  a  considerably 
higher  per-centage  of  dry  or  solid  substance  than  the  sewaged. 
It  may  be  also  here  mentioned  that  in  1863  the  cows  having 
professedly  unsewaged  meadow  grass,  in  default  of  a  suflicient 
supply  of  it,  had  necessarily  for  a  considerable  part  of  each  of  the 
periods  of  12  Aveeks  unsewaged  rye-grass. 

Weight  for  weight,  in  the  fresh  or  green  state  in  which  the 
grass  was  cut,  weighed,  and  given  to  the  cows,  the  unsewaged  grass 
has,  therefore,  proved  to  be  far  more  productive  than  the  sewaged. 
But  when  the  comparison  is  made,  not  between  the  amounts  of 
o-rass  reckoned  in  the  fresh  state,  but  between  the  amounts  of  dry 
.  or  solid  matter  which  the  different  descriptions  of  grass  sujiplied, 
the  result  is  that,  in  only  one  instance  was  there  more,  and  in 
the  others  there  was  either  an  equal  amount  or  even  less  of  dry  or 
solid  substance  of  sewaged  than  of  unsewaged  grass  required  for 
the  production  of  a  given  amount  of  milk. 

The  general  result  in  regard  to  these  points  was,  then,  that  in 
both  milk  and  increase,  but  especially  milk,  a  given  weight  of 


Table  VII.— Suminai-y  of  the  Results  of  the  Feeding  of  Cows  on  Unsewaged  Meadow  Grass,  on  Sewaged  Meadow  Grass,  and  on  Ital^ 

each  alone,  and  with  Oilcake  in  addition.* 
Seasons  1861,  1862,  and  1863. 


iau  Rye  Grass  (Unsewaged  and  Sews 


aged). 


Consumed  per  Head  per  Day. 

Consumed  per  1,000  lbs.  Live- 
weight  per  Week. 

Consumed  to  produce 
1  Gallon  of  Milk. 

Plots,  &c. 

Fresh  Food. 

Dry  Substance 
of  Food. 

Fresh  Food, 

Diy  Substance 
of  Food. 

Fresh  Food. 

Dry  Substance 
of  Food. 

Milk 
^per^ 

per 

Day. 

Grass. 

Oil- 
cake. 

In 

Grass. 

In  Oil- 
cake, 

Gi-ass. 

Oil- 
cake. 

In 
Grass. 

In  Oil- 
cake. 

Grass, 

Oil- 
cake. 

In 
Grass. 

In  Oil- 
cake. 

Per  1,000  Ills. 
Livc-weitfht  pe 
week. 


In- 

Cl'fillSO 

(or 
Loss) 
in 
\\  eiglit. 


Results  calculated  per  Acre,  t 


Oilcake 
consumed 
with  tlio 
Produce 

of  each 

Acie. 


Time  the 
Produce 
of 

each  Acre 

(with 
Oilcake, 
if  any,) 
would 
keep 
1  Cow. 


Amount  of 
Milk  the  Produce 

of  each 
Acre  would  yield. 


Including 
the 

Oilcake 
consumed 

(ifanj 


Exclusive 
of 

Oilcake.t 


1.  T7nsewai;ed 

2.  - 
3. 


4.  Sewaged 


a.  ITnsewaKed 

2.  Sewaged 

3.  Sewaged 

4.  Sewa^ged 


1.  Uns^va^e 

2.  Sewaged 

3.  Sewaged 

4.  Sewaged 


1.  Unsewaged 

2.  Sewnged 

3.  Sewaged 

4.  yewa.i;ed 


1.  Unsewaged 

2.  Sewaged 

3.  Sewaged 


.  Unsewaged 
.  Sewaged 


1.  Unsewaged 

2.  Sewaged 

3.  Sewaged 


Uis. 
1,50 -2 


Lbs. 
35-S 


Season  1861  ;  Period  of  Experiment  16  weeks,  May  26— Sept.  14  ;  Food— Meadow  Grai 


Value  of  the  Milk 
from  the  Produce  of 
each  Acre 
at  8d.  per  Gallon, 


Including 
the 

Oilcake 
consumed 

(if  any). 


Exclusive 
of 

Oilcake.t 


licsults  calculated 
per  1,000  tons  Sewage  applied,  t 


Amount  of  Milk 
from  the  increased 
Produce 
from  1,000  tons 
of  Sewage. 


Including 
the 

Oilcake 
consumed 

(if  any). 


Exclusive 
of 

Oilcike.J 


Value  of  the  Milk 
fi-om  the  increased 

Produce  from 
1.000  tons  of  Sewage 
at  8c/.  per  Gallon. 


Including 
'the 

Oilcake 
consumed 

(if  any). 


Exclusive 
of 

Oilcake.} 


Lbs. 
091 


Lbs. 
237 


Lbs. 
02-2 


Lbs. 
l'l-8 


Lbs. 
24} 

20i 


Lbs. 
164} 

1401 


Lbs. 
8-69 


Weeks. 
19 


127-2 
140-2 


Season  1862.;  I'eriod  of  Experiment  24  weeks.  May  2— Oct.  16;  Food— Meadow  Gr 


Gallons. 
32115 
5701 


10  14  3 
19  0  6 
27  0  11 
32    0  10 


ml 

178 
I61f 


5  19  10 
5  IS  S 
5    0  11 


23-S 
21,-1 


171 
154 


21-1 
21-4 


■ass  and  Oilcake. 


1-53 
1-72 


11-0 
11-0 


23f 
2U 


IGO 

itti 


0-83 
4-00  J 


l,020i 
1,6811 
l,843t 
1,8144 


41f 

73? 
72t 


!l20i 
1,072} 
l,036i 


613i 
S35J 
973f 


09-1 
142-9 


27-9 
25-2 


Season  1863  ;  First  Period,  12  -weelis,  April  28— July  20  ;  Pood— Meadow  Grass. 


22  4 
30  13 
33  15 
35  4 


20  8  10 
27  16  10 
32  8  11 
31  18  10 


43J 


2  16  D 
2  5  2 
1    8  10  . 


650 
9C3 


\  2Si 
i  28} 


185 
190 


4-37  I' 

o-7o|; 


21 
5SJ 
73? 
SOJ 


403 
l.OlOi 
l,404f 


3-9 
3-7 


Season  1863  ;  Second  Period,  12  weeks,  July  21— Oct.  12  ;  Pood— Meadow  Grass  and  Oilcake. 


13  8 
33  19 
46  16 
51  9 


205} 
167t 
1265 


6  17  2 
6  11  5 


563 
1,076 


151 
157 


21-5 
20-1 


32-7 
CS-2 


1-40 
1-4S 


1-25 
1-30 


28} 

26 


1-82 

623i 

2-3 

444} 

2-02| 

1,134} 

41J 

780 

l,664i 

01 

1,075J 

l,719i 

67 

1.181; 

4311 
756i 
1,042} 
1,145} 


14  16 
26  0 
S5  10 
39  7 
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Season  1863  ;  Total  Period,  24  weeks,  April  28-Oct.  12  ;  Pood-Pirst  12  weeks  Meadow  Grass,  Seboud  12  weeks  Meadow  Gr. 
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Season  1863  ;  First  Period,  12  weeks,  April  28— July  20  ;  Food— Italian  Eye  Grasi 
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Season  1863;  Second  Period,  12  weeks,  July  21— Oct.  12;  Pood  Italian  Rye  Grass  and  Oilcake. 
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Season  1863  ;  Total  Period.  24  weeks,  April  28-Oet.  laTFooJ-First  12  wks  Italian  Bye  Grass,  Second  12  ^veeks  Italian  Kye  Grass  and  Oilcake. 
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animal  was  more  productive  when  fed  on  unsewaged  than  on 
sewacred  grass,  and  that  a  given  weight  of  fresh  unsewaged  grass 
was  more  productive  than  an  equal  weight  of  fresh  sewaged  grass; 
but  that  a  given  weight  of  dry  or  solid  substance^  fPP^^^^,.'^ 
sewaged  grass  was  more  productive  than  an  equal  weight  supplied 

'"a  caTelif consideration  of  the  results  leads  to  the  conclusion 
that  there  was  some  considerable  variation  in  the  quahty  ot  the 
orass  in  the  three  different  seasons.  It  was  obviously  very  interior 
fn  the  wet  and  cold  season  of  1862.  There  is  also  evidence  ot  a 
considerably  diminished  productiveness  of  a  given  weight  both  ot 
o-reen  sewaged  grass  and  of  the  dry  substance  of  seNvaged  grass 
towards  the  end  of  the  season ;  though  part  of  the  fa  ling  off 
which  the  figures  show  is  doubtless  attributable  to  the  changing 
condition  of°the  cows  themselves  as  the  season  advanced. 

The  experiments  do  not  afford  the  means  of  strictly  comparing 
the  productive  qualities  of  rye  grass  with  those  of  meadow  grass, 
or  of  sewaged  with  those  of  unsewaged  rye  grass.  Thus,  as 
already  alluded  to,  the  cows  professedly  fed  on  unsewaged  meadow 
grass  in  1863  had,  during  a  considerable  part  of  the  experimental 
period,  unsewaged  rye'  grass;  whilst  those  fed  on^  rye  grass  had 
indiscriminately  the  unsewaged  and  the  sewaged.  The  indication 
is,  however,  that  somewhat  more  of  the  dry  substance  of  the 
sewaged  rye  grass  than  of  the  sewaged  meadow  grass  was  required 
to  produce  a  given  result;  though  the  difference  is  less  during 
the  later  than  the  earlier  period  of  the  season.  It  is  probable, 
indeed,  that  sewaged  Italian  rye  grass  deteriorates  less  towards  the 
end  of  the  season  than  sewaged  meadow  grass. 

It  remains  to  indicate,  approximately,  the  increased  yield  of 
saleable  produce,  and  the  money  value  of  that  produce,  from  an 
acre  of  laud,  and  from  1,000  tons  of  sewage,  according  to  season, 
and  to  the  amount  of  sewage  applied. 

The  last  ten  columns  of  Table  VII.  refer  to  these  points.  In 
explanation  of  the  figures  there  given  it  should  be  stated,  that  the 
estimates  of  the  amount,  and  value,  of  the  milk  yielded  per  acre, 
are,  in  the  case  of  each  plot,  based  upon  the  total  amounts  of  grass 
obtained  per  acre  throughout  the  season,  and  upon  the  average 
rate  of  consumption  and  yield  of  milk  during  each  separate  period, 
on  unsewaged  grass  in  the  ease  of  plot  1.,  and  on  the  mixed  sewaged 
grass  in  that  of  plots  2,  3,  and  4 ;  and  the  estimates  are  framed 
so  as  to  show,  as  far  as  practicable,  the  amount  and  value,  both 
inclusive  and  exclusive  of  oil-cake  when  it  was  given,  as  will 
be  better  understood  by  reference  to  the  columns  in  the  Table, 
and  the  foot  note  relating  thereto. 

It  is  obvious  that  such  estimates  can  only  be  approximations  to 
the  truth.  But  such  they  are,  and  considered  as  such  only,  they 
are  little  likely  to  mislead  any  acquainted  with  practical  agri- 
culture, and  with  the  limits  within  which  such  calculations  are  and 
arc  not  of  general  application. 

Referring  first  to  the  experiments  with  meadow  grass,  the  result 
(excluding  tlic  case  of  1862,  when  the  unsewaged  crop  in  the  ten- 
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aero  field  was  so  very  large)  was,  that  the  produce  of  an  acre 
Avitliout  sewage  was  competent  to  feed  one  cow  for  from  19  to  23 
weeks,  varying  according  to  the  season,  or  whether  the  grass  were 
consumed  alone  or  with  oil-cake  in  addition.  The  same  area  was, 
with  the  aid  of  3,000  tons  of  sewage,  rendered  capable  of  providin^r 
keep  for  two  to  two  and  a  half  cows  for  the  same  period  of  time^ 
or,  as  represented  in  the  Table,  for  one  cow  from  two  to  two  and  a 
half  times  as  long,  with  6,000  tons  of  sewage  for  three  to  three 
and  a  half  times  as  long,  and  with  9,000  tons  from  three  and  a 
half  to  four  times  as  long. 

Represented  in  quantity  of  milk,  in  1861,  when  the  sewage 
was  not  applied  until  the  Spring,  the  produce  per  acre  was,  without 
sewage,  321 J  gallons,  and  with  the  different  amounts  of  sewage 
570|,  820^,  and  961;^  gallons,  respectively.  Reckoned  according 
to  the  rate  of  consumption  of  grass  and  of  the  yield  of  milk  during 
the  first  12  weeks,  or  most  favourable  period,  of  the  grass  season 
of  1863,  when,  as  in  1861,  the  grass  was  consumed  alone,  but 
unlike  1861  the  sewage  had  been  applied  throughout  the  winter 
months,  and  when  the  cows  being  mostly  newly  calved  were  also 
in  their  most  favourable  condition,  the  estimated  yield  of  milk 
reckoned  upon  the  total  produce  of  grass  per  acre  was,  without 
sewage  .402  gallons,  and  with  the  different  amounts  of  sewage 
1,019,  1,404|,  and  1,544  gallons,  respectively;  or,  so  far  as  the 
sewaged  plots  were  concerned,  from  one-half  to  two-thirds  more 
per  acre  than  in  1861  reckoned  according  to  the  rates  of  con- 
sumption and  yield  of  milk  over  the  whole  of  that  season. 

With  the-  aid  of  the  large  quantities  of  oilcake  stated  in  the 
Table,  the  yield  of  milk  per  acre  in  1862,  when  the  season  was 
very  favourable  for  the  unsewaged  but  comparatively  unfavour- 
able for  the  sewaged  land,  was,  without  scAvage  66G|-  gallons,  and 
with  the  different  amounts  of  sewage  920^,  1,072|,  and  1,056 
gallons ;  and,  according  to  the  rates  of  consumption  and  yield  of 
milk  when  oilcake  was  given  during  the  latter  half  of  the  season 
of  1863,  the  yield  of  milk  per  acre  calculated  upon  the  total  pro- 
duce of  grass  throughout  the  season  in  each  case  was,  without 
sewage  444;^  gallons,  and  with  the  different  amounts  of  sewage 
780,  1,075,  and  1,181^  gallons  respectively. 

The  general  result  is,  that,  on  the  sewaged  plots,  the  yield  of 
milk  was  at  a  less  rate  per  acre  with  oilcake  during  the  latter  or 
inferior  part  of  the  season  of  1863,  than  without  it  during  the  earlier 
or  more  favourable  portion  of  the  same  season;  but  it  was  at  much 
the  same  rates  per  acre  during  the  latter  or  inferior  part  of  the 
comparatively  favourable  season  of  1863,  as  during  the  entire 
period  of  the  unfavourable  season  of  1862.  Lastly,  on  this  point, 
the  yield  of  milk  per  acre  over  the  entire  season  of  1863,  half 
without  and  half  with  oilcake,  was  higher  than  that  of  1862  with 
oilcake  throughout,  and  considerably  so  on  the  more  highly 
sewaged  plots. 

So  far  as  may  be  judged  from  the  limited  experience  which  these 
results  record,  it  would  appear  probable  that  with  an  average 
supply  of  about  5,000  tons  of  sewage  per  acre  per  annum  to  meadow 
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land  and  with  cows  taken  indiscriminately  at  various  periods  after 
calvino-,  an  average  of  not  less  than  1,000  gallons  of  milk  per 
acre  nn""ht  be  expected  ;  or  more  than  this  when  cows  are  taken 
at  their  best,  and  the  season  and  other  circumstances  are  more  than 
usually  favourable. 

In  the  case  of  the  experiments  with  rye-grass  much  less 
sciViige  was  applied  than  is  above  assumed,  and  the  results  relate 
to  the  experience  of  one  season  only,  which  was  not  only  a  compa- 
ratively favourable  one  for  the  action  of  sewage,  but,  being  the 
first  year  of  growth  after  sowing  down,  was  also  favourable  so  far 
as  the  condition  of  the  crop  was  concerned.  The  indication  is, 
however,  that  with  Italian  rye-grass  a  larger  yield  of  milk  per 
acre  may  be  obtained,  for  the  application  of  a  given  amount  of 
sewage,  than  with  meadow  grass.  But  with  Italian  rye-grass  the 
land  has  to  be  periodically  broken  up,  during  which  time  less 
sewage  per  acre,  if  any,  can  be  utilized,  and  hence,  for  the  distri- 
bution of  a  given  amount  of  sewage,  the  expense  of  laying  down 
a  much  larger  area  would  be  necessary  so  far  as  this  crop  were 
introduced.  On  the  other  hand,  the  advantage  of  the  practice 
would  be,  that  other  crops,  for  which  the  direct  application  of 
sewage  is  less  appropriate  than  to  grass,  would  be  intermediately 
grown,  either  relying  upon  the  residue  of  sewage  manuring 
remaining  in  the  broken  up  land,  or  by  means  of  the  solid  manure 
derived  from  the  consumption  of  the  sewaged  grass.  In  either 
case,  therefore,  such  produce  would  be  obtained  indirectly  by 
means  of  sewage. 

Bearmg  in  mind  the  varying  conditions  of  the  several  experi- 
ments, the  differences  which  the  Table  shows  in  the  estimated 
value  of  the  milk  yielded  from  the  produce  of  each  acre  ostensibly 
receiving  the  same  amount  of  sewage  will  be  intelligible,  and  it 
will  not  be  necessary  to  call  attention  to  the  figures  in  detail. 
The  results  taken  as  a  whole  lead  to  the  conclusion  that  the  gross 
money  return  per  acre,  reckoned  in  milk  at  8c?.  per  gallon,  mio-ht 
be  estimated  at  certainly  not  less  than  30/.  to  35Z.  with  an  appli- 
cation of  about  5,000  tons  of  sewage  per  acre  per  annum. 

No  allowance  can  be  made  for  the  value  of  the  Increase  in 
weight  in  the  case  of  cows,  for  at  the  end  of  their  milking  period, 
even  though  some  may  gain  in  weight  considerably,  tliey  are 
certainly,  on  the  average,  of  less  money  value  than  at  the  begin- 
ning, so  that  a  deduction  rather  than  an  addition  should  be  nTade 
on  the  score  of  the  difference  in  value  of  the  animals  themselves 
at  the  end  as  compared  with  the  beginning  of  their  milkino- 
period.  " 

The  last  four  columns  of  Table  VII.  show  the  estimated  yield 
of  milk,  and  the  value  of  the  milk  at  8d.  per  gallon,  from  the  in- 
creased produce  of  1,000  tons  of  sewage  in  the  different  experi- 
ments;  and  the  estimates  are  given  both  inclusive  and  exclusive 
of  oilcake  (if  any)  as  before  referred  to. 

In  1861,  when  the  sewage  was  not  applied  until  the  Snrino- 
and  less  had  therefore  to  be  reckoned  as  contributinjr  to  the  in' 
crease  obtained,  nearly  180  gallons  of  milk  are  estimated  to  be" 
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obtained  for  each  1,000  tons  of  sewage,  wlien  tlic  uinount  actually 
applied  had  not  exceeded  3,000  tons,  and  the  rate  per  annum  not 
5,000.  Again,  reckoned  according  to  the  yield  of  milk  for  a 
given  amount  of  grass  consumed  during  the  first  12  weeks,  or  the 
most  favourable  half,  of  the  season  of  1863,  the  increased  yield  of 
milk  for  each  1,000  tons  of  sewage  was  205  f  gallons  with  3,000, 
167  gallons  with  6,000,  and  only  126|  gallons  with  9,000  tons  of 
sewage  per  acre  per  annum.  According  to  the  results  obtained 
with  rye  grass  during  the  same  12  weeks  of  the  season  of  1863, 
the  yield  was  even  somewhat  better  than  in  the  most  favourable 
case  vyith  the  meadow  grass,  and  it  is  the  better  the  larger  the 
quantity  of  sewage,  which,  however,  was  not  applied  until  the 
Spring,  and,  owing  to  deficiency  of  supply,  little  exceeded  1,500 
tons  per  acre. 

Owing  to  the  very  large  produce  without  sewage  in  1862,  and 
to  the  unfavourable  character  of  the  season  for  the  action  of 
sewage,  the  increased  yield  of  milk  estimated  as  due  to  1,000  tons 
of  sewage,  even  with  the  addition  of  a  considerable  amount  of 
oilcake,  was  very  small ;  much  smaller,  indeed,  than  in  the  more 
favourable  seasons  without  the  oilcake.  It  was  also  smaller  with 
oilcake  during  the  latter  half  of  the  season  of  1863,  than  without 
it  during  the  former  half,  when  the  quality  of  the  grass,  and  the 
condition  of  the  cows,  were  both  so  much  more  favourable.  Even 
taking  the  whole  of  the  comparatively  favourable  season  of  1863, 
half  without  and  half  with  oilcake,  but  when  winter  supply  of 
sewage  had  to  be  reckoned  against  the  produce,  the  estimated 
increased  yield  of  milk  for  each  1,000  tons  of  sewage  applied  was 
consideraly  less  than  in  1861  without  oilcake,  but  when  no  winter 
supply  of  sewage  had  to  be  reckoiied  against  the  yield. 

With  rye-grass,  unlike  the  meadow  grass,  the  yield  of  milk  for 
a  given  amount  of  sewage  Avas  greater  during  the  latter  part  of 
the  season  with  oilcake,  than  during  the  earlier  or  -more  favourable 
part  without  it.  As  before  observed,  it  would  appear  that  rye- 
grass does  not  deteriorate  so  much  as  meadow  grass  as  the  season 
advances. 

In  1861,  when  no  winter  supply  of  sewage  had  to  be  reckoned 
against  the  increase,  and  the  grass  Avas  consumed  without  oilcake, . 
the  estimated  value  of  the  milk  obtained  for  each  1,000  tons  of 
sewage  applied  was  between  61.  and  6Z.  In  1863,  according  to 
the  yield  of  milk  for  a  given  amount  of  grass  during  the  first  half 
of  the  season,  without  oilcake,  the  value  for  each  1,000  tons  of 
sewage  was,  with  3,000  tons  more,  but  with  6,000  and  9,000 
tons  less,  than  in  1861 ;  and,  reckoned  according  to  the  yield  during, 
the  latter  half  of  the  season,  it  was,  even  with  oilcake,  little  more 
than  half  as  much  as  according  to  that  during  the  earlier  half ; 
and  in  the  unfavourable  season  of  1862,  also  with  oilcake,  it  was 
even  less  still.  Taking  the  whole  of  the  comparatively  favourable 
season  of  1863,  half  without  and  half  with  oilcake,  the  return  for 
each  1,000  tons  of  sewage,  reckoned  in  milk  at  Sd.  per  gallon,  was 
rather  over  61.  when  only  3,000  tons  were  applied,  one  seventh 
less  when  6,000  tons,  and  one  third  less  when  9,000  tons  were 
employed. 
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With  the  rye-grass  the  estimated  money  return,  for  a  given 
amount  of  sewage  applied,  was  considerably  higher  than  with  the 
meadow  grass ;  but  it  must  be  borne  in  mind  that  there  was  no 
winter  supply  of  sewage  to  reckon  against  the  produce,  and  that 
the  results  relate  both  to  the  first  and  most  productive  year  of  the 
growth  of  the  crop,  and  to  a  favourable  season  for  the  application 
of  sewage. 

Excepting  in  the  cases  of  the  rye  grass,  and  of  the  meadow 
grass  in  1861,  in  neither  of  which  had  there  been  any  winter 
supply,  there  was  a  very  marked  diminution  in  the  money 
return  for  a  given  amount  of  sewage  where  the  largest  quantities 
were  applied.  The  practical  question  suggests  itself — what  is 
approximately  the  limit  of  maximum  yield  for  a  given  amount  of 
sewage  which  is  attainable  without  so  far  increasing  the  area,  and 
consequently  the  cost  of  distribution,  as  to  more  than  counter- 
balance the  increased  return  ?  Special  reference  will  be  made  to 
this  point  further  on.  But  it  may  be  here  observed  that,  so  far 
as  these  results  give  the  means  of  judging,  it  would  appear  that 
an  average  of  about  51.  increased  value  of  milk,  reckoned  at  8  c?. 
per  gallon,  may  be  anticipated  from  the  application  of  each  1,000 
tons  of  sewage  when  the  amount  applied  does  not  exceed  about 
5,000  tons  per  acre,  per  annum.  This  would  be  equivalent  to  a 
gross  value  of  increased  produce  of  milk  of  rather  more  than  \d, 
for  every  ton  of  sewage  applied. 

V.  Composition  of  the  Rugby  Sewage  Water. 

From  the  commencement  of  the  Rugby  experiments,  samples  of 
sewage  have  been  collected  for  analysis  at  short  intervals  in  each 
of  the  two  fields.  The  plan  was,  to  take  about  a  quart  from  the 
gauge  tank  in  the  field,  holding  about  3^  tons,  at  intervals  of 
about  two  hours  for  as  many  days  in  the  week  as  the  sewage 
was  applied ;  and  at  the  end  of  the  week,  after  Avell  shaking  the 
mixture,  a  one  or  two  gallon  sample  was  sent  to  Professor  Way 
for  analysis. 

In  1861,  twelve  such  samples  from  each  field,  representino-  the 
supply  for  the  seven  months  of  April  to  October  inclusive,  were 
taken  and  submitted  to  analysis. 

The  season  of  1862  is  reckoned  to  include  the  months  from 
November  1861  to  October  1862  inclusive.  During  each  month 
from  November  1861  to  April  1862  inclusive  only  one  sample 
was  taken  from  each  field,  during  May  two,  during  June  one 
and  during  July,  August,  September,  and  October,  two  were 
taken ;  thus  makmg  a  total  of  17  samples  from  each  field  to 
represent  the  sewage  supplied  during  the  season. 

In  like  manner  the  season  of  1863  was  reckoned  to  include  the 
period  from  November  1862  to  October  1863  inclusive  From 
November  1862  to  March  1863  inclusive  two  samples  of  sewage 
were  taken  in  each  month  in  each  field  ;  in  April  one  only  in 
each  field  and  in  May  two  in  the  5-acre,  and  one  only  in  the 
10-acre  field.  From  this  date,  namely,  during  June  Julv 
August,  September,  and  October,  a  different  plan  of  co'llecS 
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was  adopted.  During  two  weeks  in  each  of  those  months  (as 
a  rule  the  first  and  tliird)  a  sample  was  taken  every  two 
hours  from  the  gauge-tank  in  whichever  field  the  sewage  was 
being  applied,  and  at  the  end  of  the  week  the  samples  from  the 
two  fields  were  well  mixed,  and  a  portion  of  the  mixture  sent  off 
for  analysis,  as  representing  the  sewage  of  that  week,  without 
distinction  as  to  the  field  in  which  it  was  collected. 

The  results  of  each  of  the  24  analyses  of  the  sewage  repre- 
senting the  season  ending  October  18G1  were  given  in  the 
Appendix  (and  a  summary  of  them  was  given  in  Table  VI.)  in 
the  previous  Keport;  those  of  the  34  for  the  season  ending 
October  1862  are  given  in  Tables  XV.  to  XVII.,  and  those  of  the 
35  relating  to  the  season  of  1863  ending  October  1863,  in  Tables 
XVIII.  to  XXI.,  pp.  163-169,  in  Appendix  No.  1.  in  the  present 
Report. 

Leaving  the  details  for  reference  it  will  be  sufiicient  to  give  in 
this  place  the  summary  view  of  the  composition  of  the  sewage 
wliich  Tables  VIII.  and  IX.  (pp,  29  and  30)  present ;  in  the 
former  of  which  is  given  the  average  grains  per  gallon,  and  in 
the  latter  the  avei'age  lbs.  per  1,000  tons,  of  the  different  constitu- 
ent.s,  in  the  sewage  from  each  field,  in  each  of  the  three  seasons, 
respectively. 
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As  the  ammonia  contributes  about  three  fourths  of  the  esti- 
m.ted  money  value  of  the  constituents  of  town  sewage,  and  as  its 
"mount  is  the  best  index  to  that  .of  the  associated  constituents 
valuable  as  manure,  and  also  to  the  relation  of  _  population  o 
quantity  of  sewage,  its  proportion  is  of  great  importance  to 

Tables  VIII.  and  IX.  show  that,  according  to  the  mean  of  all 
the  analyses  for  the  entire  season  in  each  case  there  was  com- 
paratively little  difference  in  the  amounts  either  of  ammonia,  oi  of 
{otal  matters  in  solution,  in  the  sewage  from  the  two  fields,  ihe 
difference  in  the  amounts  of  suspended  matter  was,  however,  more 

considerable.  „ 

Comparing  the  composition  of  the  sewage  of  one  season  with 
that  of  another,  as  indicated  by  the  mean  result  of  all  the  analyses 
relatincv  to  each,  it  is  seen  that  the  amounts  of  ammonia,  and  total 
matter"  in  solution,  are  less  in  the  comparatively  wet  season  ot 
1861-2,  than  in  either  of  the  others,  whilst  the  ammonia  is  the 
hicrhest  in  the  dry  season  of  1862-3.     As  no  samples  were 
analysed  during  the  winter  of  1860-61  when  the  sewage  was 
probably  weaker  than  during  the  remaining  portions  of  the  season, 
it  might  be  concluded  that  the  mean  of  the  analyses  for  1861 
woulcf  give  too  high  an  average  composition;  but,  on  the  other 
hand,  there  were  fewer  analyses  during  the  months  of  August, 
September,  and  October,  when  the  sewage  was  comparatively 
strong,  than  during  the  five  preceding  months  when  it  averaged 
much  weaker,  which,  of  course,  would  tend  to  reduce  the  mean. 
It  is  probable,  therefore,  that  the  mean  of  the  analyses  for  1861 
gives  a  pretty  fair  indication  of  the  composition  of  the  sewage  for 
that  season.    With  regard  to  1862,  there  were  fewer  analyses 
during  the  months  when  the  sewage  averaged  the  strongest,  and 
hence,  the  mean  of  the  results  for  that  season  probably  indicate 
somewhat  too  low  an  average  composition.    Lastly,  in  the  season 
of  1863,  there  were  again  fewer  analyses  relating  to  the  periods 
when  the  sewage  was  strongest,  and  hence  the  mean  of  the  results 
for  that  season  also  probably  indicates  somewhat  too  low  a  com- 
position.   There  can  be  little  doubt,  however,  that  the  sewage  of 
the  wet  season  of  1862  was  the  weakest,  that  of  1861  somewhat 
stronger,  and  that  of  the  dry  season  of  1863  stronger  still. 

It  is  obvious  that  the  variations  in  the  composition  of  sewage 
must  depend  chiefly  upon  its  state  of  dilution,  and  that  the  state 
of  dilution  must  be  very  much  influenced  by  the  rainfall.  An 
inspection  of  the  Tables  in  the  Appendix,  above  referred  to,  will 
show  how  extremely  different  was  the  composition  at  one  time  com- 
pared with  another,  notwithstanding  the  general  agreement  of  the 
average  results  as  between  one  field  and  the  other,  or  between 
one  season  and  another.  The  great  variation  in  the  composition 
according  to  circumstances'  is  stHkingly  illustrated  in  the  follow- 
ing Table  X. ;  and  it  is  the  more  remarkable  when  it  is  borne  in 
mind  that  every  sample  analysed  was  a  mixture  of  portions  taken 
every  few  hours  throughout  the  day  for  several  days  together : 
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Table  X.— Showing  the  hi-liest,  lowest,  and  average  Ainounls  of 
Ammonia,  and  total  .solid  matter,  in  mixed  Samples  of  Sewage, 
collected  at  different  Periods  in  each  of  the  three  Seasons. 


Ammonia. 

Total  solid  matter. 

Grains 
•  per 
Gallon. 

lbs. 
per  1,000 
Tons. 

Gi-ain.s 

per 
Gallon. 

lbs. 
per  1,000 
Tons. 

18C1  I 

Highest 
Lowest 

Mean  of  24  analyses 

15-64 
2-99 

0-39 

500-5 
95-7 
204-5 

216-5 
37-6 
75-1 

6928 
1203 
2405 

186 1-2 1 

Highest 
Lowest 

Mean  of  34  analyses 

11-38 
2-55 
5-95 

364-2 
81-6 
190-4 

129-3 
50-5 
80-3 

4138 
1616 
2570 

1862-3 1 

Highest 
Lowest 

Mean  of  35  analyses 

12-81 
3-14 
■7-08 

409-9 
100-5 
226-5 

269-9 
62-2 
103-2 

8637  ' 

198P 

3302 

Thus,  the  amount  of  ammonia,  which  to  such  a  great  extent 
rules  the  estimated  money  value  of  the  sewage,  varied  at  different 
times  during  the  31  months  to  which  the  samples  refer,  from 
about  2^  to  about  15^  grains  per  gallon,  or  from  81^  to  500^  lbs. 
per  1,000  tons  ;  and  the  total  solid  matter  varied  from  about  371 
to  about  270  grains  per  gallon,  or  from  1,203  to  8,637  lbs.  per 
1,000  tons.  It  will  be  obvious  from  these  results  how  valueless 
for  the  purposes  of  determining  the  average  composition  of  the 
sewage  of  any  locality  —  indeed,  how  utterly  misleading — must 
be  the  analyses  of  samples  taken  without  due  regard  to  the 
circumstances  by  which  its  composition  is  so  materially  alfected. 

Althovigh  the  sewage  of  1862-3  was  considerably  richer  in 
valuable  constituents  than  that  of  the  wetter  season  of  1861-2, 
yet  the  mean  of  the  whole  93  analyses  relating  to  the  sewage  of 
the  three  seasons  indicates  a  composition  closely  agreeing,  in  all 
essential  points,  Avith  that  adopted  in  the  previous  report  according 
to  the  results  then  obtained  relating  to  the  season  of  1861  alone. 
For  reasons  explained  above,  however,  the  real  average  compo- 
sition of  the  sewage  of  the  period  was  probably  somewhat  higher 
than  is  indicated  by  the  direct  numerical  mean  of  the  93  analyses. 


The  latter  gives- 


Grains  per  gallon.    Lbs.  per  1,000  tons. 


Total  solid  matter  -  -  87-6  2,803 
Ammonia  -  -      6 '5  208 

From  a  careful  consideration  of  the  circumstances  alluded  to  it 

is  concluded  that  the  average  sewage  of  the  31  months  would 

more  nearly  contain  as  follows — 

Grains  per  gallon.    Lbs.  per  1,000  tons. 

Total  solid  matter     -      -    92-5  2,960 
Ammonia       -       -       -      7'0  224 
Assuming  this  to  represent  the  average  composition  of  the  Rugby 
.sewage  during  the  period  in  question,  1,000  tons  may  be  estimated 
to  contain  niU-ogen  reckoned  as  ammonia  equivalent  to  tlmt  con- 
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tributed  in  the  mixed  excrements,  and  associated  matters,  of 
between  17  and  18  persons  of  a  mixed  population  of  both  sexes 
and  all  ao-es  in  a  year,  or  to  that  in  between  11  and  12  cwts.  of 
Peruvian"  guano.*  In  other  words,  about  1,700  tons  of  such 
sewao-e  would  contain  nitrogen  reckoned  as  ammonia  equal  to  that 
in  1  ton  of  Peruvian  guano.  Yet  it  has  been  seen  that  the  mcrease 
of  grass  obtained  by  the  use  of  1,000  tons  of  this  sewage  did  not, 
uncfer  the  most  f\ivourable  circumstances,  exceed  that  which  would 
correspond  to  about  26  cwts.  of  hay,  and  was  on  the  average  much 
less.  To  this  question  of  the  amount  of  produce  obtained  for  a 
o-iven  amount  of  manurial  constituents  applied  further  reference 

& 

will  be  made. 

Before  leaving  the  subject  of  the  composition  of  the  Rugby 
sewage,  attention  should  be  directed  to  one  or  two  other  points. 

In°Table  XL  are  given  the  results  of  the  analyses  of  samples 
of  sewage  collected  in  each  of  the  two  fields,  every  two  hours 
from  7  a.m.  to  5  p.m.,  on  April  16,  1861.  It  is  seen  that  the 
amounts  of  both  total  solid  matter  and  ammonia  were  the  least 
in  the  samples  collected  early  in  the  morning,  the  greatest  during 
the  middle  of  the  day,  and  diminished  towards  the  evening.  As, 
however,  the  samples  were  not  taken  at  the  outfall  as  the  sewage 
came  from  the  town  at  the  respective  hours,  but  after  it  had  been 
pumped  from  the  main  tank  in  which  it  was  being  collected  and 
mixed  throughout  the  day  as  it  was  produced,  the  variations  in 
composition  at  the  different  periods  are  not  so  striking  as  have 
been  observed  when  samples  have  been  collected  directly  from  the 
outfall  at  different  periods  of  the  day. 

Table  XI. 

SflOwiNG  the  CoJiPOSiTiON  of  Samples  of  the  Eugby  Sewage 
collected  at  ditFerent  hours  of  the  day,  on  April  16,  1861. 


Per  Gallon. 


Organic 
matter. 


Inorganic 
matter. 


r  Five-acre  Field 
1  Ten-acre  Field 
9am   -f  ^i'^fi'^'^reField 
■  \  Ten-acre  Field 
,  J  Five-acre  Field 
■  \  Ten-acre  Field 
J  Five-acre  Field 
1_  Ten-acre  Field 
r  Five-acre  Field 
[  Ten-acre  Field 
J  Five-acre  Field 
\  Ten-acre  Field 


7  A.M. 


11  A.M.-- 


1  P.M. 


3  P.M. 


5  P.M. 


Gi'ains. 
14-30 
14-40 
20-50 

20-  20 

21-  90 

22-  70 

20-  10 
25-20 

21-  10 

21-  50 

22-  00 
20-30 


Grains. 
38-50 

38-  90 

39-  80 
47-20 

38-  00 

39 -  GO 

36-  40 
41-60 

34-  10 

35-  30 
35-80 

37-  50 


Total  solid 
matter. 


Grains. 

52-  80 

53-  30 
60-30 
67-40 
59*90 
62-30 
56-50 
66-80 

55-  20 

56-  80 

57-  80 
57-80 


Ammonia. 


Grains. 
2-74 


89 
71 
51 
14 
39 
82 
74 
55 
69 
32 
37 


The  rainfall  of  the  period  of  the  experiments,  and,  therefore,  the  dilution  of  the 
sewage,  -was,  however,  less  than  the  average,  according  to  which  it  is  estimated  that 
with  the  present  arrangements,  1,000  tons  would  represent  the  excretal  matters  of 
scarcely  17  average  individuals,  and  the  ammonia  of  scarcely  U  cwts  of  Vpruvi-^„ 
guano.    (See  pp.  44-45,  and  76.)  leruviaa 
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Another  point  to  which  reference  should  be  made  is  as  to  the 
amounts  of  phosphoric  acid  and  potass  in  the  sewage,  and  the 
relation  of  these  to  the  ammonia  (or  nitrogen)  associated  with 
them ;  for  it  is  obviously  Important  to  consider  whether  or  not 
the  mineral  or  incombustible  constituents  of  sewage  exist  in  it 
in  sufficient  proportion  to  the  ammonia  or  nitrogen  for  the  re- 
quirements of  the  crops  to  be  grown ;  and  as  the  phosphoric  acid 
and  potass  (the  one  or  the  other  or  both  according  to  circum- 
stances) are,  perhaps,  the  mineral  constituents  the  most  likely  to 
be  deficient  relatively  to  the  nitrogen,  the  proportion  of  them  to 
the  latter  in  the  sewage,  and  In  various  crops,  may  appropriately 
be  referred  to  in  illustration  of  the  point  in  question. 

Table  XII."  shows  the  number  of  grains  per  gallon,  of  ammonia, 
phosphoric  acid,  and  potass,  and  the  relation  of  the  phosphoric 
acid  and  the  potass  to  one  of  nitrogen,  in  the  few  cases  only  in 
tvh.lch  the  phosphoric  acid  and  potass  were  determined  in  the 
Rugby  sewage. 

Table  XH. 


Particulars  of  the  Samples. 

Per  Gallon. 

Proportion 
to  1  Nitrogen. 

Wlien  collected. 

Where 
collected. 

Ammonia. 

Phos- 
phoric 
Acid. 

Potass. 

Phos- 
phoi-ic 
Acid. 

Potass. 

April  1-6, 1861 

„     1-6,   „           -  - 

„  29,— May  4,,  1861  - 
.  „   29",—  „    4,  „ 
Nov.  4-6,1861 

5                  -  - 
Dec.  17-18,  " 

„  17,      „          -  - 
JiUy  6-11, 1864 

„   13-18  ..  -      -  - 

Pive-acre  field 
Ten-acre  field 
Pive-aere  Hold 
Ten-acre  field 
Pivr-acre  field 
Ton-acre  field 
Five-acre  field 
Ten-!icre  field 
Another  field. 
Another  field 

Grains. 
2-99 

4-  69 

5-  OS 
5-64 

10-  91 

11-  38 
9-30 

7-  67 

8-  66 
8-78 

Grains. 
0-64 

0-  70 

1-  09 

1-  28 

2-  14 

2-  39 
1-53 

1-  15 

3-  12 

2-  80 

Grains. 
0-86 

0-  61 

1-  37 
1-29 
4-95 
4-63 
3-28 
3-40 
3-84 
3-90 

0-26 
0-18 
0-26 
0-28 
0-24 
0-26 
0-20 
0-18 
0-44 
0-39 

0-35 
0-16 
0-38 
0-28 
0-55 
0-49 
0-43 
0-54 
0-54 
0-54 

Average  - 

7-51 

1-68 

2-81 

0-27 

0-42 

It  is  seen  that  when  the  sewage  was  poor  in  ammonia  it  was 
ralso  poor  in  phosphoric  acid  and  potass,  and  when  rich  in  ammonia 
rich  in  phosphoric  acid  and  potass.  In  the  case  of  neither  con- 
stituent, however,  is  the  relation  to  one  of  nitrogen  the  same  in 
all  the  samples :  though  the  correspondence  is  perhaps  quite  as 
close  as  could  be  expected  when  the  circumstances  which  rule  the 
amount  of  each  are  taken  into  consideration. 

By  far  the  larger  proportion  of  the  ammonia  (or  nitrogen) 
exists  in  solution  in  the  sewage,  so  that  if  the  sample  taken  did  not 
contain  its  fair  proportion  of  suspended  or  sedimentary  matter,  the 
amount  of  ammonia  would  not  be  very  materially  atfected  thereby. 
Of  the  phosphoric  acid,  on  the  other  hand,  a  much  larger  pro- 
portion exists  in  the  suspended  matter,  so  that  if  the  agitation  m 
the  main  tank  were  incomplete  the  pumps  worked  sluggisMy  or 
-the  mixing  in  the  gauge-tank  in  the  field  before  taking  the 
sample  were  insufficient,  the  proportion  of  suspended  matter  m 
the  sample  analysed  might  be  too  small  or  under  othei-  conditions 
it  might  be  too  large.  Hence,  although  the  phosphoric  acid  must 
bear  a  pretty  constant  proportion  to  the  mtrogen  m  sewage,  if 
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oreat  care  be  not  taken  in  the  sampling,  analysis  may  show 
considerable  vai'iation  in  the  amount,  and  in  the  proportion  to  the 
nitroo-en,  in  samples  taken  at  different  times.  It  was,  in  fact, 
the  case,  that  in  the  instances  among  those  to  which  Table  XII. 
refers  in  which  the  amount  of  phosphoric  acid,  and  its  proportion 
to  the  nitrogen,  were  the  highest,  there  also  was  the  largest  amount 
of  sedimentary  matter  in  the  sewage. 

Again,  the  potass  exists  exclusively  in  the  solution,  so  that  if 
its  proportion  to  the  ammonia  Avere  constant  in  sewage,  any 
deviation  from  the  exactly  due  proportion  of  sedimentary  matter 
in  the  sample  taken  would  comparatively  little  affect  the  in- 
dications of  analysis  in  regard  to  it.  But  whilst  the  phosphoric 
acid  of  sewage  may  be  said  to  be  derived  exclusively  from 
food-refuse  and  excretal  matters,  and  therefore  necessarily  to  bear 
within  comparatively  narrow  limits  a  pretty  uniform  relation  to 
the  nitrogen,  the  amount  of  potass  will  vary  very  much  according 
to  locality,  and  be  considerably  greater  where  the  streets  or  roads 
are  constructed  of  potass  minerals  (as  granite)  than  elsewhere. 

According  to  the  average  result  obtained  upon  the  analysis  of 
ten  different  samples  of  the  Rugby  sewage  there  were,  as  is 
shown  in  the  bottom  line  of  Table  XII.,  0  -27  parts  of  phosphoric 
acid,  and  0-42  parts  of  potass,  to  1  of  nitrogen  in  the  sewage; 
or,  in  other  words,  for  100  of  nitrogen  in  the  sewage  there  were 
27  parts  of  phosphoric  acid,  and  42  parts  of  potass.  The  question 
arises — what  are  the  proportions  of  the  phosphoric  acid  and  potass 
to  the  nitrogen  in^  different  crops  ?  These  vary  considerably  for 
the  same  description  of  crop  according  to  circumstances,  but  the 
figures  given  in  the  following  Table  (XIII.)  may  be  taken  to 
represent  approximately  the  average  proportions. 


Table  XIII. 


AVlieat  - 

Bai-lpy 
O.its 

JTcadow  Hay 
Clover  Hay 
Beans  - 
Mangolds 
Swedes 

^/ommou  Turnips 
Potatoes 


Proportion  to  1  Nitrogen. 


Pliosplioric  Acid. 


In 
Corn, 
Roots, 


0-48 
0-40 
0-28 


0-25 

0-27 
0-28 
0-42 


In 
Straw, 
Leaves, 

&c. 


0-42 
0-34 
0-37 


0-46 

0-10 
0-18 


In 
Total 
Produce. 


046 
0-38 
0-30 
0-27 
0-23 
0-SO 

0-21 
0-26 


Potass. 


In 
Corn, 
Hoots, 

&e. 

In 
Straw, 
Leaves, 

&c. 

In 

Total 
Produce. 

0-28 

1-08 

0-57 

0-34 

1-2G 

0-60 

0-25 

1"55 

0-65 

1-00 

0-o2 

0-32 

1-23 

0-30 

1-00 

0-82 

0-4.1 

0-63 

1-60 

0-71 

1-17 

1-23 

c  2 
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Thus,  according  to  this  Table,  meadow  hay  contains  on  the- 
average  0-27  parts  of  phosphoric  acid  to  1  of  nitrogen,  and 
according  to  the  average  result  obtained  on  the  analysis  of  the 
ten  samples  of  the  Rugby  sewage  it  contained  exactly  the  same 
proportion.  Of  potass,  on  the  other  hand,  whilst  meadow  hay 
contains  1  part,  the  sewage  only  contained  0  •  12  parts  to  1  of 
nitrogen. 

According  to  these  figures,  if  on  the  application  of  sewage  to 
meadow  land  the  whole  of  the  nitrogen  supplied  were  recovered 
in  the  increase  of  _  produce,  it  is  obvious  that  there  would  be 
associated  with  it  in  the  manure  almost  exactly  the  amount  of 
phosphoric  acid,  but  less  than  half  the  amount  of  potass,  required 
by  the  crop.  But  in  practice  considerably  less  nitrogen  is- 
recovered  in  the  increase  of  crop  than  is  supplied  in  the  manure 
employed  to  produce  it.  Then,  again,  the  dry  or  solid  substance 
of  sewaged  grass,  as  it  is  generally  cut,  contains  a  considerably 
higher  per-centage  of  nitrogen  than  that  of  ordinary  meadow  grass 
as  cut  for  hay  ;  whilst,  from  the  results  of  direct  experiments 
made  on  the  point,  it  is  probable  that  the  proportion  of  phosphoric 
acid  to  1  of  nitrogen  is  somewhat  lower,  and  that  of  potass  some- 
what higher,  in  sewaged  grass  than  in  ordinary  meadow  hay.  It 
follows,  that  If  the  relation  of  the  phosphoric  acid  and  potass  to 
the  nitrogen  in  sewage  be  fairly  represented  by  the  average 
result  of  the  few  analyses  giveu  on  the  point,  it  would  contain 
more  phosphoric  acid,  though  perhaps  not  so  much  potass  as  could 
be  turned  to  the  account  of  growth  under  the  influence  of  the. 
amount  of  nitrogen  at  the  same  time  supplied. 

Of  phosphoric  acid  at  any  rate  there  would  probably  be  an 
accumulation  within  the  soil,  rather  than  an  exhaustion  of  it,  by 
the  use  of  sewage  to  grass  land.  Still,  agricultural  experience 
shows  that  an  apparently  excessive  supply  of  phosphoric  acid  is 
frequently  useful  in  giving  a  favourable  development,  or  tendency 
of  growth,  to  a  plant ;  and  in  this  way  it  is  possible  that  the 
application  of  phosphatic  manures  in  conjunction  Avith  sewage 
mi2;ht  be  advantageous.  As  above  stated,  the  proportion  of  the 
potass  to  the  nitrogen  in  town  sewage  would  vary  considerably 
according  to  locality  ;  and  where  there  was  no  other  source  of 
it  than  food-refuse  and  the  excretal  matters  of  man  and  animals,  it 
■would  be  more  likely  than  the  phosphoric  acid  to  be  in  relative 
defect  in  case  of  the  constant  application  of  the  sewage  to  grass 
land. 

In  corn  crops,  such  as  wheat  or  barley,  the  proportion  of 
phosphoric  acid  to  nitrogen  is  much  higher  than  in  meadow  hay, 
and  much  higher  also  than  was  found  in  the  Rugby  sewage.  The 
average  proportion  in  the  sewage  was,  however,  not  deficient 
compared  with  that  of  the  phosphoric  acid  in  these  crops  to  the 
amount  of  nitrogen  which  in  common  practice,  is  required  to  be 
supplied  in  manure,  to  yield  one  of  nitrogen  in  the  form  of 
increased  produce.    Of  potass,  the  proportion  to  1  of  nitrogen  m 
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•these  crops  is,  in  the  grain,  which  alone  is  generally  sold  off  the 
farm,  considerably  less  than  was  found  on  the  average  in  the 
Kuo'by  sewage.  In  fact,  if  town  sewage  were  wsed  on  any  com- 
prehensive scale  to  corn  crops  grown  in  rotation,  phosphoric 
acid  would  be  more  likely  to  become  deficient  than  potass  in 
the  majority  of  soils;  but  if  phosphatic  manures  were  employed 
for  other  crops  of  the  course,  they  would  not  need  to  be  sup- 
plemented to  the  sewage  for  corn.  It  is,  indeed,  well  known 
that  phosphatic  manures  are  in  practice  much  more  used,  and  are 
much  more  effective,  for  root  than  for  corn  crops,  yet,  as  the 
Table  shows,  the  proportion  of  phosphoric  acid  to  1  of  nitrogen  is 
lower  in  the  root  than  in  the  corn  crops. 

Without  further  comments  on  the  figures  given  in  Tables  XII. 
and  XIII.,  it  may  be  stated,  in  general  terms,  that  a  careful 
■consideration  of  the  subject  leads  to  the  conclusion  that  potass 
would  be  more  likely  than  phosphoric  acid  to  become  deficient 
where  town  sewage  was  applied  constantly  to  meadow  land, 
whilst  phosphoric  acid  would  be  more  likely  to  become  deficient 
than  potass  where  it  was  applied  to  the  ordinary  crops  of  rotation. 


VI.  Estimated  Average  Composition  of  the  Metropolitan  Seioage. 

It  will  be  well  to  offer  a  few  observations  here  on  the  evidence 
at  command  relating  to  the  avenige  composition  of  the  Metro- 
politan sewage,  and  to  the  estimated  money  value,  according  to 
trade  prices,  of  its  manurial  constituents. 

In  our  former  Report  attention  was  called  to  the  fact  that,  so  far 
as  it  was  then  sampled  and  analysed,  tlie  Rugby  sewage  showed 
an  average  composition  agreeing  very  closely  with  that  calculated 
for  the  Metropolitan  sewage,  according  to  the  analyses  by 
Dr.  Letheby  of  samples,  taken  at  noon  and  midnight  respectively, 
from  10  different  sewers  ;  and,  as  above  stated,  tlie  further  results 
noAv  at  command  indicate  pretty  nearly  the  same  average  com- 
position for  the  Rugby  sewage  as  that  formerly  adopted.^  Thus, 
whilst  calculated  according  to  Dr.  Letheby's  analyses  the  Metro- 
pobtan  sewage  contained  6-66  grains  of  ammonia  per  gallon,  the 
Rugby  sewage  was  then  estimated  to  contain  6-65  grains,  and 
taking  into  the  calculation  all  the  results  now  obtained  the  direct 
mean  of  the  93  analyses  gives  6  •  5  grains,  and  the  calculated 
average  iibout  7  grains. 

The  amount  of  ammonia  will  still,  for  convenience,  be  taken  as 
the  gauge  of  comparative  value ;  not,  of  course,  that  other  con- 
stituents are  not  equally  important,  but,  as  already  referred  to,  as 
the  amount  of  ammonia  contributes  a  very  large  proportion  of  the 
money  value  as  estimated  according  to  composition,  and  is  a  pretty 
sure  indication  of  the  approximate  value  of  the  associated  con- 
stituents, it  comes  to  be  a  very  safe  index  to  the  approximate 
^  alue  of  the  whole,  and  at  the  same  time  the  discussion  is  much 
simpiibed. 

Baron  Liebig,  adopting  as  his  basis  an  analysis  of  Dorset 
Square  sewage  by  Mr.  Way,  which  showed  nearly  IS^-dns  of 
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ammonia  per  gallon,  estimates  the  constituents  in  sewage  of  that 
composition  to  be  worth  l^d.  per  ton,  but  that  the  value  will  be 
raised  to  about  M.  if  to  each  ton  be  added  1^  lb.  of  super- 
phosphate of  lime.  But  in  his  report  Professor  "Way  stated  in 
reference  to  the  analysis  in  question,  together  with  another  given 
at  the  same  time,  that  although  the  results  sliowed  that  there  was 
great  manorial  value  in  sewage,  yet  they  could  not  be  taken  as  in 
any  way  affording  a  measure  of  that  value ;  and  he  has  since 
given  it  as  his  opinion  that  the  sample  of  sewage,  upon  the  analysis 
of  which  Baron  Liebig  relied,  was  undoubtedly  very  much 
stronger  than  the  average  of  Metropolitan  sewage.  Indeed,  Baron 
Liebig  himself  admitted  that  more  certain  data  as  to  the  average 
composition  of  sewage  were  wanting.  He  said,  "  In  the  calcu- 
"  lation  of  the  value  of  sewer  water  there  is  one  factor  doubtful, 
"  viz.,  the  absolute  amount  of  phosphoric  acid,  ammonia,  and 
potass,  which  a  ton  of  the  said  water  contains."  Moreover,  his 
proposal  to  add  a  certain  quantity  of  superphosphate  of  lime  to 
the  sewage  has  for  its  object  to  assimilate  the  proportion  of  phos- 
phoric acid  to  the  ammonia  or  nitrogen  in  the  sewage  to  that 
found  in  Peruvian  guano,  which,  of  course,  is  a  standard  having 
no  necessary  connexion  with  the  proportions  required  by  soils  or 
crops.  For  these  reasons  Baron  Llebig's  estimates  are  obviously 
irrelevant.* 

In  the  Report  of  Messrs.  Hofmann  and  "Witt  to  the  Main 
Drainage  Referees,  they  record  8-21  grains  of  ammonia  per  gallon  ^ 
as  the  amount  they  found  in  a  mixture  of  samples  of  sewage 
collected  from  the  Savoy  Street  sewer  every  hour  during  24  in 
dry  weather;  and  the  Referees  had  ascertained  by  gauging  that  the 
rate  of  flow  from  the  sewers  under  such  circumstances  averaged 
as  closely  as  could  be  expected  that  which  would  be  due  to  water 
supply  exclusive  of  rainfall.  In  fact,  the  Referees  concluded  that 
the  mixed  sample  in  question  represented  pretty  closely  the 
average  normal  sewage  without  rainfall  of  that  sewer,  and  further, 
that  the  sewage  from  that  sewer  might  be  taken  as  fairly  repre- 
senting the  Metropolitan  sewage  under  the  conditions  stated.  _ 

With  8 '21  grains  of  ammonia  per  gallon  (and  the  associated 
matters),  Messrs.  Hofmann  and  Witt  estimated  the  constituents 
in  a  ton  of  such  sewage  to  be  worth  2  ^'-^d.,  and  taking  (in 
accordance  with  the  information  supplied  to  them  by  the  Referees) 
the  total  amount  of  the  Metropolitan  sewage  without  rainfall  at 
95  million  gallons  a  day,  or  about  158  million  tons  per  annum, 
they  estimated  the  total  annual  value  of  the  constituents  in  the 
Metropolitan  sewage  to  be  1,385,540/. 

To  control  this  estimate  founded  on  the  amount  and  com- 
TDosition  of  the  sewage,  Messrs.  Hofmann  and  AVitt  calculated  the 
value  of  the  constituents  annually  voided  m  the  forms  of  urme 

*  Tn  a  recent  letter,  published  some  time  after  the  above  was  in  tj^e,  Baron  Liebig 
.,inntf  7  -2  instead  of  18  grains,  as  the  average  amount  of  ammonia  in  a  gallon  of  the 
SKpoman  S™^  inclusive  of  rainfall,  &c._  It  will  be  seen,  by  the  sequel  that 
even  after  this  vlry  1  beral  amendment  of  his  estimate  of  about  a  year  and  a  half  ago, 
KdoTbiess  stiU  too  high;  and  his  estimate  of  value  of  constituents  is  so  m  a 
corresponding  degree. 
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and  feces  by  the  entire  Metropolitan  population,  assuming  it  to 
number  2,600,000  persons.  In  this  way  they  arrived  at  a  value 
of  1  444,177^-5  which  they  considered  satisfactory  confirmation  of 
the  estimate  deduced  from  the  quantity  and  composition  of  the 
sewao-e.  But  in  their  confirmatory  estimate  they  adopt,  for  the 
comp°osition  and  value  of  the  liquid  and  solid  voidings  of  each 
individual  of  a  mixed  population  of  both  sexes  and  all  ages,  the 
amounts  fixed  for  adult  males,*  assuming  that  other _  matters 
reaching  the  sewers  would  probably  make  up  the  difference. 
There  can  be  little  doubt  that  this  was  making  far  too  liberal  an 
allowance  for  •  the  other  matters  than  human  voidings,  which 
contribute  to  the  value  of  the  Metropolitan  sewage. 

The  object  of  the  Referees  appears  to  have  been  to  obtain  an 
estimate  of  the  total  annual  value  of  the  sewage,  and  with  such 
very  great  variations  as  occur  in  both  the  amount  and  composition 
of  the  sewage  when  mixed  with  different  amounts  of  rainfall,  it 
is  obvious  that  the  method  they  adopted  of  collecting  for  analysis 
samples  of  sewage  as  far  as  possible  free  from  rainfall,  and  then  cal- 
culating the  composition  and  value  of  the  estimated  total  amount  of 
dry  weather  sewage  according  to  the  results  of  the  analysis  of  such 
samples,  was  the  only  admissible  one  unless  they  had  taken 
samples  almost  the  year  round.  Their  estimate  of  the  value  per 
ton  of  the  dry  weather  sewage,  or  sewage  without  rainfallj  was, 
in  fact,  only  a  step  in  the  process  of  calculating  the  total  annual 
value  of  the  Metropolitan  sewage,  and  they  did  not  give  any 
estimate  of  the  value  per  ton  in  the  average  condition  of  dilution 
with  rainfall  in  which  it  would  have  to  be  utilized. 

It  is  variously  estimated  that  the  normal  sewage,  or  sewage 
without  rainfall,  is  on  the  average  the  year  round  mixed  with 
from  two  thirds  to  an  equal  bulk  of  subsoil  water  and  rain. 
Assuming  it  to  be  so  diluted  by  an  addition  of  two  thirds  to  its 
own  bulk,  this,  adopting  Messrs.  Hofmann  and  Witt's  analysis 
and  valuation  for  the  sewage  without  rainfall,  Avould  reduce  the 
average  amount  of  ammonia  in  the  total  sewage  with  rainfall  to 
4  •  93  grains  per  gallon,  and  it  would  in  like  manner  reduce  the 
value  from  for  a  ton  of  sewage  without  rainfall  to  l^d. 

for  a  ton  inclusive  of  rainfall. 

It  is  obviously  important  to  consider  whether  the  sample  of  the 
Savoy  Street  sewage  analysed  by  Messrs.  Hofmann  and  Witt 
was  more,  probably  of  above  or  below  the  average  composition 
and  value  of  the  Metropolitan  sewage  without  rainfall  ?  Some 
judgment  may  be  formed  on  this  point  by  a  careful  consideration, 
of  the  quantity  and  estimated  value  of  the  constituents  contributed 
to  the  sewage  by  each  individual  of  a  mixed  population  of  both 
sexes  and  all  ages,  taken  in  connexion  with  the  amount  of  water 
through  which  the  constituents  are  supposed  to  be  on  the  averao-e 
distributed. 

According  to  the  data  of  Messrs.  Hofmann  and  Witt  tho 
amounts  of  total  solid  matter,  and  ammonia,  and  the  value  of 

*  Messrs  Hofmann  and  Witt  even  add  something  to  the  actual  experimental  results 
obtained  with  Hessian  boldi<;rs  to  adapt  them,  as  they  say,  to  "  John  bX' I 
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the  constituents,  in  the  annual  total  voidlngs  of  an  adult  male  are 
as  follows : — 

Adult  males,  per  head  per  annum. 


Total  solid  matter.  Ammonia.  Value. 

lbs.                       lbs.  d. 

Urine       -       -    61  15-8  10  0^ 

Fajces              -    34                  2 '3  1  8f 

Total          -    95  18-1  11  9^ 


Dr.  Thudichum,  whose  estimate  is  more  recent,  and  whose  • 
experimental  data  on  the  point  are  much  more  comprehensive 
than  those  relied  upon  by  Messrs.  Hofmann  and  Witt,  gives  for 
the  urine  alone  of  adult  males  the  followina: :— 

Adult  males,  per  head  per  annum. 

«  ■  ^  , 

Total  solid  matter.  Ammonia.  Value. 

lbs.  lbs.  s.  d. 

Urine  alone       -    47  15-9  10  3^ 

It  will  be  observed  that  so  far  as  the  important  items  of 
ammonia  and  value  are  concerned,  the  estimates  of  Messrs.  Hof- 
mann and  Witt  for  the  urine  of  an  adult  male  agree  very  closely 
■with  those  of  Dr.  Thudichum,  founded  on  much  more  compre- 
hensive analytical  data.  Dr.  Thudichum  does  not,  however,  give 
any  estimate  of  the  amount,  composition,  and  value  of  the  ffeces. 
With  regard  to  the  urine,  he  considers  that  the  voidlngs  of 
2,800,000  persons  of  a  mixed  population  of  both  sexes  and  all 
ages,  may  be  taken  as  equivalent  to  those  of  2,000,000  adult 
males.  If,  therefore,  we  take  the  mean  of  the  estimates  of 
Dr.  Thudichum  and  Messrs.  Hofmann  and  Witt  wnth  regard  to 
the  urine,  and  those  of  Messrs.  Hofmann  and  Witt  with  regard 
to  the  fajces,  of  an  adult  male,  and  reduce  both  in  the  proportion 
of  from  2  -  8  to  2  according  to  Dr.  Thudichum's  basis  of  calculation, 
we  shall,  provided  the  estimates  of  the  two  authorities  be  correct, 
arrive  at  amounts  approximately  applicable  to  an  average  in- 
dividual of  a  mixed  population  of  both  sexes  and  all  nges.  The 
followincc  results  are  so  obtained:  — 

Average  of  both  sexes  and  all  ages,  per  head  per  annum. 


Ammonia.  Value, 

lbs.  «.  d. 

Urine        -        -    11-32  7  3 

Freces       -        -      1-64  1  2f 

Total         -    12-90  8  5| 


Here  then,  founded  upon  the  estimates  of  these  authorities, 
we  have  neai^  13  lbs.  of  ammonia  and  nearly  Ss.  6rf.  of  value, 
to  represent  the  annual  mixed  voidlngs  of  an  average  m- 
dividual  of  a  mixed  population  of  both  sexes  and  all  ages. 
In  our  last  Ileport  10  lbs.  of  ammonia  only  (and  the  value  would 
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be  less  in  a  corresponding  degree)  were  taken  to  represent  the 
mixed  excrements  of  an  average  individual.  This  was  the  estimate 
of  Messrs.  Lawes  and  Gilbert,  founded  on  very  comprehensive 
data,  relating  both  to  the  amounts  of  constituents  consumed  in 
the  food,  and  voided  in  the  urine  and  foeces,  of  persons  of  different 
ages  and  both  sexes.  But  as  this  estimate  was  made  nearly 
10  years  ago,  since  which  time  much  more  evidence  has  been 
published  relating  to  the  amount  and  composition  of  human 
excremental  matters,  it  has  been  thought  desirable  to  collate,  for 
the  purposes  of  this  Keport,  as  far  as  possible  the  whole  of  the 
information  at  command  up  to  the  present  time  bearing  upon 
these  points.*  The  result  of  very  much  labour  expended  in  this 
way  indicates  12*6  lbs.  of  ammonia  as  the  amount  annually 
yielded  by  each  average  individual,  when  the  calculation  is  based 
upon  determinations  or  estimates  of  the  amounts  of  nitrogen  or 
ammonia-yielding  matters  voided  by  persons  of  different  sexes 
and  ages.  But  when  the  estimate  is  founded  upon  the  recorded 
amounts  of  fresh  urine  and  fteces  voided  by  individuals  of  the 
different  classes,  and  upon  the  average  composition  of  urine  and 
faeces  respectively,  the  amount  of  ammonia  indicated  as  the  average 
per  head,  per  annum,  is  12*7. 

It  is  admitted,  however,  by  authorities  on  the  subject,  that  the 
experimental  data  relating  to  males  other  than  in  the  prime  of 
life,  and  especially  to  females  of  all  ages,  are  as  yet  inadequate 
for  the  basis  of  really  trustworthy  average  estimates.  Indeed,  a 
careful  consideration  of  the  circumstances  of  the  majority  of  the 
cases  contributing  to  the  averages  among  those  divisions  of  the 
population  in  relation  to  which  the  evidence  is  the  most  plentiful, 
and  of  the  relative  cliaracter  of  the  results  where  it  is  the  most 
deficient,  leads  to  the  conclusion  that  the  estimate  of  12-6  lbs.  of 
ammonia  per  head  per  annum,  arrived  at  as  above  described,  is 
in  all  probability  too  high. 

Then,  again,  even  assuming  the  approximate  correctness  of  the 
estimates  of  Messrs.  Hofmann  and  Witt  and  Dr.  Thudichum  of 
the  amount  of  ammonia  yielded  by  the  urine  of  an  avcrao-e  adult 
male  (and  those  of  Dr.  Thudichum  are  based  upon  a  considerable 
portion  of  the  same  data  as  the  estimate  of  12-6  given  above), 
it  is  difficult  to  suppose  that  the  urine  of  two  such  adults  should 
be  equalled  by  so  small  a  proportion  as  2-8  persons  of  a  luixed 
population  of  both  sexes  and  all  ages ;  and  hence  we  think  that 
the  estimate  of  nearly  13  lbs.  of  ammonia  as  deduced  from  their 
jomt  data  regarding  adult  males,  and  Dr.  Thudichum's  measure 
ot  reduction,  also  involves  elements  of  error  on  the  side  of  excess 


.r^^    nearly  the  whole,  if  not  the  whole,  of  the  data  upon  which  the  new  estimates 
are  based        <  On  the  Sewage  of  London,"  by  J.  Ji.  Lawes,  F.R.S.,  JoZ^SZTe 
SocietyofArs,  March  9,  185.5;  -  The  Composition  of  the  Urine  in  Sth  and 
Disease,"  by  E  A.  Parkes,  M.D.,.I860  ;  "  On  an  improved  Mode  of  collect  no-  Ex 
cremeatitiov,s  Mat  er  with  a  view  to  its  Application  to  the  Benefit  of  Agric  Utu  e  &? 
by  J.  L.  W.  Ihudicliiim   M  n    vns     r  1  -r         <.    •  .       „fa .  etc.. 
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Lastly,  the  estimate  of  Messrs.  Lawes  and  Gilbert  of  the  amount 
of  nitrogen  in  the  food  of  an  average  individual,  which  Avas 
founded  upon  the  calculation  of  86  different  dietaries  arranged  in 
15  classes,  according  to  sex,  age,  activity  of  mode  of  life,  and 
other  circumstances,  showed  an  amount  equivalent  to  rather  less 
than  12*2  lbs.  of  ammonia,  from  which,  of  course,  a  deduction 
has  to  be  made  for  the  nitrogen  retained  in  the  body,  and  for  loss 
in  various  Avays. 

Upon  the  whole,  therefore,  it  is  concluded  that  the  amount  of 
ammonia  contributed  to  the  sewer-water  by  each  individual  of  a 
mixed  population  of  both  sexes  and  all  ages,  is  pretty  certainly 
more  than  10  lbs.  per  annum  as  formerly  assumed,  but  probably 
less  than  12  lbs. 

But  it  is  not  the  human  excretal  matters  of  the  resident 
population  that  alone  contribute  to  the  value  of  the  sewage  of  the 
Metropolitan  area.  To  these  must  be  added  those  contributed  by 
the  population  daily  visiting  the  Metropolis  from  beyond  its  own 
limits  (less  the  amount  from  those  daily  leaving  it),  the  fractional 
part  of  the  excretal  matters  of  horses,  cows,  dogs,  and  other 
animals,  of  the  refuse  from  slaughter-houses,  of  soot,  and  of  the 
matters  derived  from  the  abrasion  of  the  streets,  which  does  not 
reach  the  land  as  stable  dung,  street  sweepings,  or  in  some  other 
form,  and  also  the  refuse  matters  from  certain  manufacturing  pro- 
cesses. It  is  very  difficult  to  estimate  the  amount  and  value  of 
the  constituents  reaching  the  sewers  from  these  sources.  They 
ai*e  doubtless  large  in  the  aggregate ;  but  a  little  reflection  leads 
to  the  conclusion  that  they  are  very  small  per  head  of  the  popu- 
lation, and  that  they  must  bear  a  very  small  proportion  to  those  of 
the  human  excretal  matters  of  the  resident  population.  Indeed, 
so  far  as  existing  information  bears  upon  the  point,  it  would 
appear  probable  that  not  more  than  12^  lbs.  of  ammonia  are  con- 
tributed annually  to  the  sewers  from  all  sources,  per  head,  of  the 
population.  This,  including  the  associated  matters,  would,  accord- 
ing to  trade  prices,  represent  a  value  of  8*.  4c?.  per  annum  for 
the  manurial  constituents  of  the  sewage  for  each  average  in- 
dividual of  the  population. 

The  question  arises — through  how  much  water  are  these  12^  lbs. 
of  ammonia  (with  the  associated  constituents),  or,  reckoned  in 
value,  through  how  much  is  this  8s.  4c?.  or  100  pence  worth  of 
manurial  matter  on  the  average  distributed 

The  dry  weather  sewage,  or  sewage  without  rainfall,  of  the 
Metropolis  is  variously  estimated  at  from  5  to  7  cubic  feet  per 
head  per  day,  equal  respectively  31'  and  43 i  gallons  per  head 
per  day,  or  50|  and  71  tons  per  head  per  annum.  Accordmg 
to  the  imformation  furnished  by  the  Keferees  to  Messrs.  Hofmann 
and  Witt,  it  averaged  about  half  way  between  these  two  extremes, 
namely,  about  36^  gallons  per  head  per  day,  equal  about  59  tons 
per  head  per  annum.  We  shall  therefore  probably  be  not  far 
wrono-  if  we  take  60  tons  per  head  per  annum  as  the  average 
amount  of  the  normal  or  dry  weather  sewage.  _  It  as  further 
variously  estimated  that  by  subsoil  water  and  ramfall  the  bulk 


43 


of  the  fluid  will  be  increased  by  from  two  thirds  to  an  equal 
volume.*  Adopting  the  lower  of  these  suppositions,  which  if  too 
low  will  allow  something  for  the  occasional  escape  of  storm-water, 
we  have  the  100  pence  worth  of  constituents  distributed  through 
100  tons  of  fluid,  giving  to  it  a  value  of  one  penny  per  ton  ac- 
cording to  the  estimated  market  value  of  its  manurial  constituents. 

What  the  real  average  dilution  of  the  sewage  the  year  round 
is,  or  will  be,  will  doubtless  be  more  certainly  ascertained  before 
long,  when  the  main  drainage  system  is  completed,  and  the 
works  have  been  a  sufficient  time  in  operation  to  render  the 
gaugings  safely  available  for  the  purposes  of  average  estimates. 
In  the  meantime  the  following  Table  will  be  useful,  showing  the 
grains  of  ammonia  per  gallon,  and  the  estimated  value  of  the  con- 
stituents per  ton  of  sewage,  on  the  assumption  that  the  amount 
of  ammonia  contributed  to  the  sewage  from  all  sources  will  be  at 
the  rate  of  12^  lbs.  per  head  per  annum  of  the  population,  and  on 
the  alternative  assumptions,  that  the  amount  of  fluid  will  be  60, 
70,  80,  90,  and  100  tons  per  head  per  annum.  For  comparison 
with  these  estimates  there  are  given  those  of  Messrs.  Hofmann 
and  Witt,  according  to  their  direct  analysis  of  the  dry  weather 
sewage,  and  also  the  calculated  amounts  according  to  their  analysis, 
supposing  a  dilution  of  100  tons  per  head  per  annum  with  subsoil 
water  and  rainfall,  instead  of  60  tons  without  them,  which  their 
mixed  sample  of  the  Savoy  Street  sewer  was  supposed  to  represent. 

Table  XI. — Grains  of  Ammonia  per  Gallon,  and  estimated  Value 
of  the  constituents  in  one  ton,  of  Sewage  at  diflferent  dilutions, 
supposing  12i  lbs.  of  ammonia  per  head  per  annum,  from  all 
sources. 


If  60  tons  of  fluid  per  head  per  annum    -  - 

70  »  „  „  -  -  . 

80  „  „  .  -  . 

90  „ 
100  „  „  „        -  . 

Hofroann  and  Witt— mixed  sample  of  dry  weather 
sewage  from  Savoy  Street  sewer         -       -  . 

The  same  if  diluted  with  two-thirds  its  volume  of  sub- 
soil water  and  rain-fall  - 


Ammonia 
per  Gallon. 


Grains. 
6-51 
5-58 
4-88 
4-34 
3-91 


8-21 
4-93 


Estimated 

Value 
per  Ton. 


d. 

1-67 
1-43 
1-25 
1-11 
1-00 


2-11 
1-27 


Thus,  assummg  the  amount  of  ammonia  contributed  to  the 
sewage  from  all  sources  to  be  121  lbs.  per  head  of  the  population 
per  annum,  the  dry  weather  sewage  reckoned  at  60  tons  ner 
head  per  annum  would  contain  6^  grains  of  ammonia  per  <rallon 
and,  accordmg  to  the  currently  adopted  modes  of  computation' 
takmg  dry  and  portable  manures  as  the  standard,  the  total  manuriai 


constituents  in  one  ton  of  such  sewage  will  be  worth  If  penny. 
Or,  reckoning  the  average  sewage,  including  subsoil  water  and 
rainfall,  at^  100  tons  per  head  per  annum,  it  will  contain  scarcely 
4  grams  of  ammonia  per  gallon,  and  the  manurial  constituents  in 
one  ton  of  it  will  be  worth  just  one  penny. 

_  If  the  above  estimates  for  the  dry  weather  sewage  be  correct,  it 
is  obvious  that  the  sample  analysed  by  Messrs.  Hofmann  and  Witt 
was  about  one  fourth  stronger  than  the  average  Metropolitan 
sewage  without  ralnfoll.  Their  sample  was,  indeed,  collected  in  a 
manner  which  gives  it  a  better  claim  to  the  character  of  an 
average  sample  than  any  other  of  which  the  circumstances  of 
collection,  and  the  composition  as  determined  by  analysis,  have 
hitherto  been  recorded.  Still,  it  cannot  be  surprising  to  find  that 
their  results  are  probably  in  error  to  the  extent  above  stated, 
v/hen  it  is  borne  in  mind  that  their  sample  was  taken  during  24 
hours  only,  from  one  sewer  only,  and  from  one  contributed  to  by 
a  much  more  dense  population  than  the  average  of  equal  areas  in 
the  Metropolitan  district. 

The  approximate  correctness  of  the  above  estimates  of  the 
average  composition  of  the  Metropolitan  sewage,  founded  upon  a 
consideration  of  the  amount  of  manurial  matters  contributing  to 
it  and  the  amount  of  water  through  which  they  are  distributed, 
is  confirmed  in  a  very  striking  and  satisfactory  manner  by  the 
fjict,  that  the  average  amount  of  ammonia  in  the  Rugby  sewage, 
as  deduced  from  the  results  of  the  direct  analysis  of  93  samples, 
representing  the  flow  of  31  months,  is  almost  exactly  that  arrived 
at  by  calculation,  based  upon  a  knowledge  of  the  amount  of  popu- 
lation, and  the  average  amount  of  water  contributins- to  the  sewage, 
and  upon  the  assumjition  that  12^  lbs.  of  ammonia  will  be 
coiitributed  to  it  per  head  per  annum.  Thus,  based  upon  the 
actual  water  supply  over  the  three  years  1859,  1860  and  1861, 
and  upon  the  average  rainfall  over  the  seven  years  from  1855-1861 
inclusive,  it  is  estimated  that  there  is  at  Rugby  an  average  of 
about  60  tons  of  sewage  per  head  per  annum ;  and  as  Table  XL 
shows,  if  12^  lbs.  of  ammonia  be  distributed  through  that  amount 
of  fluid  it  will  contain  6-^  grains  of  ammonia  per  gallon,  and  will 
have  a  value,  calculated  according  to  the  trade  prices  of  its 
manurial  constituents,  of  1§  penny  per  ton.  But  the  31  months, 
to  the  sewage  of  Avhich  the  analyses  refer,  were  drier  than  usual, 
and  hence  the  average  amount  of  ammonia  per  gallon  amounted 
to  7  grains,  which,  still  reckoning  12^  lbs.  of  ammonia  per  head 
per  annum,  is  equivalent  to  only  55f  tons  of  fluid  per  head  per 
annum,  which  is  probably  more  nearly  the  amount  than  60  tons 
for  the  comparatively  dry  period. 

Assumino-  the  sewage  of  Rugby  to  amount  to  60  tons,  and  that 
of  the  Melropolis  to  100  tons  per  head  per  annum,  including 
subsoil  Avater  and  rainflill,  it  results  that  the  latter  will  have 
less  than  two  thirds  the  strength  and  value  of  the  former. 
In  fact,  whilst  1,000  tons  of  the  average  sewage  of  Rugby 
would  represent  between  16  and  17  individuals  of  a  mixed  popu- 
lation of  both  sexes  and  all  ages,  the  same  quantity  of  that  of 
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the  Metropolis  would  represent  only  about  10  such  individuals; 
and  whilst,  reckoned  according  to  the  amount  of  constituents  they 
respectively  contain,  a  ton  of  the  average  Kugby  sewage  would  be 
worth  If  penny,  a  ton  of  the  ]\Ietropolitan  sewage  would  be  worth 
only  1  penny. 

It  may  safely  be  affirmed  that  there  is,  as  yet,  no  record  of  the 
analysis  of  any  sample  of  sewage  the  circumstances  of  the  col- 
lection of  which  justify  the  assumption  that  it  fairly  represents 
the  average  Metropolitan  sewage,  either  with  or  without  subsoil 
water  and  rainfall.  Compared  with  any  analytical  results 
hitherto  published,  there  can  be  little  doubt  that  those  arrived  at 
by  the  synthetic  method  above  described  are  much  more  trust- 
worthy. It  is  to  be  hoped,  however,  that  when  the  main  drainage 
system  comes  to  be  in  full  operation,  competent  persons  will  be 
appointed  to  superintend  the  gauging,  sampling,  and  analysis, 
with  a  view  to  providing  data  which  may  serve  to  determine 
satisfactorily  the  approximate  average  composition  of  the  Metro- 
politan sewage  as  it  will  have  to  be  dealt  with  in  any  plan  of 
utilization. 

For  the  convenience  of  those  interested  in  estimates  of  the 
composition  and  value  of  town  sewage,  it  may  be  mentioned 
that  if  a  value  of  8c?.  be  put  upon  every  lb.  of  ammonia,  or  if 
for  each  grain  of  ammonia  per  gallon  a  value  of  one  farthing  per 
ton  be  given  to  the  sewage,  the  result  will  in  either  ease  agree 
almost  exactly  with  that  obtnined  by  the  elaborate  method  of 
giving  the  currently  adopted  market  values  to  the  several  con- 
stituents, taking  dry  and  portable  manures  as  the  standard. 

The  subject  of  the  value  realized,  or  realizable,  by  the  agricul- 
tural utilisation  of  sewage  in  various  ways  is,  of  course,"  quite 
distinct  from  that  of  the  estimated  money  value,  accordino-  to  the 
trade  prices  of  the  constituents,  and  is  considered  in  other  Sections 
of  the  Eeport. 

VII.  Composition  of  the  Drainage  Water  ( Rughj). 

It  is  obvious  that  in  attempting  to  determine  experimentally 
the  effects  of  applying  to  the  land  given  amounts  of  sewage  of 
known  composition,  there  are  other  data  essential  to  a  right 
judgment  of  the  results  than  those  provided  in  the  records  of  the 
increased  amounts  of  produce  yielded.  It  is  necessary  to  con- 
eider, — 

1.  To  what  extent  the  sewage  is  deprived  of  its  manurlal  or 
putrescible  constituents  in  its  passage  over  and  throutrh  the  land  ? 

2  Whether  the  sewaged  land  is  left  in  a  higher  or  a 'lower 
condition  after  the  removal  of  the  crop  ? 

To  gain  some  information  in  reference  to  the  second  of  these 
points  It  was  decided  that  during  the  season  of  1864  the  produce 
of  each  plot  should  be  carefully  weighed,  sampled,  and  aialysed! 
without  any  further  application  of  sewage,  and  that  the  soil  of 
each  plot  should  be  submitted  to  such  chemical  examination  as  tinie 
-and  other  circumstances  would  permit.    The  results  of  th  s  pa^fc 
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of  the  inquiry  are  recorded  in  Section  XII.,  p.  62,  et  seq.  It  may, 
however,  be  here  observed,  in  passing,  that  barley  (unmanured) 
was  grown  upon  the  three  plots  devoted  to  the  experiments  on  the 
application  of  sewage  to  rye-grass  in  1863,  and  that  the  crop, 
during  growth,  was  obviously  heavier  where  sewage  had  been 
applied  than  where  it  had  not,  and  heavier  also  where  the  laro-er 
than  where  the  smaller  quantity  was  employed.  ^ 

In  order  to  determine  how  far  the  sewage-water  was  deprived  of 
its  manurial,  or  putrescible,  constituents  in  its  passage  over  and 
through  the  land,  samples  of  the  drainage  water  were  collected 
simultaneously  with  those  of  the  sewage  in  each  field  (commencing 
May  1862  and  ending  October  1863),  and  sent  to  Professor  Way 
for  analysis.  In  all  62  analyses  of  drainage  water  (or  rather 
partial  analyses  corresponding  in  detail  with  those  of  the  sewage) 
have  thus  been  made.  A  few  other  special  analyses,  in  much 
more  detail,  have  been  made  of  the  sewage  and  drainage  of  the 
season  of  1864. 

The  detailed  results  of  the  62  analyses  above  referred  to  will  be 
found  in  Tables  XXII.-XXVII.,  pp.  170-175,  in  the  Appendix. 
The  following  Table  XV.  gives  a  summary  of  the  results,  showing, 
in  parallel  columns,  the  average  composition  of  the  sewage  and  the 
drainage  water,  the  first  division  referring  to  the  samples  collected 
during  the  months  of  May  to  October  inclusive,  1862,  and  the 
second  to  those  obtained  from  November  1862  to  October  1863, 
both  inclusive. 


Table  XV. — Average  Composition  of  the  Sewage  and  Drainage  Water 
collected  at  Rugby  in  the  Seasons  of  1862  and  1863. 

Grains  per  Gallon. 


Five-acre  Field. 

Ten-acre  Field. 

The  Two  Fields. 

Sewage 
water. 

Drainage 
watef. 

Sewage 
water. 

Drainage 
water. 

Sewage 
water. 

Drainage 
water. 

Season  1862. — May  to  October,  both  inclusive. 

('Organic  - 
Substances  in  J  Inorganic 
Solution    - ; 

C      Total  - 

('Organic 
Substances  in  )  Inorganic 
S\ispension  ; 

C      Total  - 

Total  organic  matter  - 
Total  inorganic  matter 

Total  solid  matter 

7-83 
34-49 

7-18 
34-50 

7-60 

82-38 

7-83 
37-10 

7-71 
33-41 

7-56 
36-01 

42-32 

41-68 

39-98 

44-93 

41-15 

43-57 

14-69 
25-67 

1-40 
1-81 

17-14 
24-89 

1-39 

3-74 

15-92 
25-28 

1-  39 

2-  92 

40-36 

3-21 

42-03 

5-13 

41-20 

4-Sl 

22-52 
60-16 

8-58 
36-31 

24-74 
57-27 

9-22 
40-84 

23-63 
5S-72 

8-95 
38 -9.-} 

82-08 

44-89 

82-01 

50-06 

82-35 

47-83 

Ammonia 

'  In  solution 
In  suspension  - 

Total  - 

4-13 
1-37 

0-so 

0-21 

4-26 
1-53 

1-85 
0-33 

4-20 
l-4i 

1-41 
0-29 

5-50 

1-04 

5-78 

2-13 

6-64 

1-70 

Five-acre  Field. 

Ten-acre  Field. 

The  Two  Fields. 

Sewage 
water. 

Drainage 
water. 

Sewage 
water. 

Drainage 
water. 

Sewage 
water. 

Drainage 
water. 

Season  1863.— November  1862  to  October  1863,  both  inclusive. 

rOrgfliiiic 
Substances  in  ]  luorganio 
solution     - } 

C      Total  - 

^Organic  - 
Substances  in  \  Inorganic 
suspension  -  j 

C      Total  - 

Total  organic  matter  - 
Total  inorganic  matter 

Total  solid  matter 

Q  •  "Ir; 

39-57 

I  41) 

38-55 

8-30 
38-77 

7-98 
41-35 

8-33 
39-18 

7-73 
39-98 

47-92 

46-01 

47-07 

49-33 

47-50 

47-71 

27-35 
39-41 

1-  41 

2-  14 

25-99 
34-93 

3-29 
3-93 

28-69 
37-33 

2-  37 

3-  06 

60-76 

3-55 

60-92 

7-23   1  63-91 

5-43 

35-70 
78-93 

8-87 
40-69 

34-29 
73-70 

n:27 

45-28 

.35-01 
76-40 

10-10 
43-04 

114-68 

49-56 

107-99 

56-55 

111-41 

53-14 

Ammonia 

'In  solution 
In  suspension  - 

Total  -  - 

5-83 
2-08 

0-69 
0-15 

5-69 
1-98 

1-85 
0-31 

5-76 
2-03 

1-28 
0-23 

7-91 

0-84 

7-67 

2-16 

7-79 

1-51  • 

It  is  seen  tbat  of  the  matter  in  suspension  nearly  the  whole, 
both  organic  and  inorganic,  has  been  separated  from  the  sewage  in 
its  passage  over  and  through  the  land;  the  drainage  water  con* 
taining  but  little  of  either,  and  probably  a  considerable  part  of  that 
which  it  did  contain  was  not  contributed  by  the  sewage,  but  was 
derived  from  the  soil  itself. 

Of  matter  in  solution,  on  the  other  hand,  a  gallon  of  drainao-e 
water  contained  sometimes  more  and  sometimes  less,  but  on  the 
average  much  about  the  same  amount  both  organic  and  inorganic 
as  a  gallon  of  the  sewage.  Here,  again,  there  can  be  little  doubt 
that  a  considerable  portion  of  the  matters  found  in  the  drainage 
water  had  their  source  in  the  soil  itself— that  there  had,  in  fact, 
been  an  interchange ;  the  sewage  giving  up  to  the  soil  valuable 
manurial  constituents,  and  the  fluid  in  its  turn  takino-  up  sub- 
stances from  the  soil  for  which"  the  latter  had  less  power  of 
retention.  .... 

The  character  of  the  interchange  of  matters  in  solution  as  the 
sewage  passed  through  the  soil  will  be  better  understood  on  an 
inspection  of  Table  XVI.  (overleaf) ;  but  before  referrino-  to  its 
details  attention  should  be  directed  to  one  or  two  other  noint« 
brought  to  light  in  Table  XV.  '  ^ 

As  might  be  expected  there  was  a  larger  portion  of  almost  every 
constituent,  or  class  of  the  constituents,  enumerated,  in  the  drainao-e 
from  the  high  ridged  and  steeply  sloping  10:acre  field,  over  and 
through  which  the  fluid  passed  the  more  rapidly,  than  in  that  from 
the  almost  level  5-acre  field.  This  result  is  not  only  the  most 
remarkable  in  degree,  but  the  most  important  to  remark  in  the 

?rnt v'"'"^°T-,  1  ''"^'^'^  ^  ^^l^'^^  °f  the  drainac:e  water 

from  the  5-acre  field  contained,  in  1862  only  from  one"^^!  to 
one  sixth,  and  in  1863  little  more  than  one  tenth  as  much  ammon S 
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as  a  gallon  of  the  sewage,  a  gallon  of  the  drainage  from  the  10-acre 
field  contahied,  in  1862  more  than  one  third,  and  in  1863  more 
than  one  fourth  as  much  as  an  equal  volume  of  the  sewage.  It  is 
obvious,  therefore,  that  the  retention  by  the  soil  of  the  valuable 
manurial  matters  of  the  sewage  was  much  less  perfect  in  the  case 
of  the  high  ridged  and  steeply  sloping  1 0-acre  than  in  that  of  the 
flatter  5-acre  field. 

As  above  referred  to.  Table  XVI.,  which  now  follows,  shows 
more  in  detail  the  changes  in  the  composition  of  the  fluid  in  its 
passage  through  the  soil. 


Table  XVI. — Detailed  Composition  of  Samples  of  Sewage  and 
Drainage  Water  collected  at  Rugby  in  the  Summer  of  1864. 


Constituents. 

Grains  per  Gallon. 

Collected 
July  6-11. 

Collected 
July  13-18. 

Sewage. 

Drainage. 

Sewage. 

Drainage. 

In  solution 

In  suspension  -■ 

'InorRanic  matter : — 

Oxide  of  Iron,  &c.  -       -  - 

Soda(i)  

Chloride  of  Sodium  (i)  - 
Chloride  of  Potassium  {') 
Sulphuric  acid_      -  - 
Phosphoric  acid      -      •  - 
Carbonic  acid       -  - 
Silica  

Total 

Organic  matter  .... 
^            Total  matter  in  solution  - 

flnorganic  matter  :— 

Oxide  of  Iron  and  Alumina  - 
Lime  .... 
Magnesia  .... 
Carbonic  acid       -  - 
Phosphoric  acid      -      -  - 
Silica,  sand,  4c.     -  • 

Total 

Organic  matter     .     -      -  - 
Total  matter  in  suspension 

Traces. 
8-45 
1-76 

5-  46 

6-  82 
G-08 
4-39 
1-28 
8-83 
1-80 

10-25 
1-69 

0-  38 
9-73 

1-  50 
6-55 
0-44 
6-18 
0-80 

1-25 
8-23 
1-80 

5-  24 
8-53 

6-  17 
4*01 
1-66 

7-  42 
1-00 

0-  23 
10-08 

1-  69 

2-  30 
9-21 
2-.S4 

0-32 
7-01 
0-80 

44-87 
11-20 

37-52 
7-80 

45-31 
10-00 

40-75 
7-05 

56-07 

45-32 

55-31 

47 -80 

4-57 
4-48 

0-  65 
3-25 

1-  84 
31-60 

6-30 
3-75 

0-  25 
2-17 

1-  14 
39-30 

46-39 
40-40 

52-91 
32-40 

86-79 

85-31 

Total  inorganic  matter 
Total  organic  matter  (*)  - 

Total  solid  matter 

91-26 
61-60 

•  87-52 
7-8O 

98-22 
42-40 

40-75 
7-05 

142-86 

45-32 

140-62 

47-80 

("Potass     -  " 
0)  Containing  -<  Soda     .     .     -     -  - 

3-84 
9-07 
7-03 

0-94 

5-  54 

6-  61 

3-90 
9-76 
8-10 

1-4S 
7-17 
6-70 

(")  Containing  - 

C                 ('In  solution 

1  In  suspension 
Ammoma  -< 

(.  Total 
^Nitric  acid  in  solutiou=Ammonia. 

5-74 
2-92 

0-08 

6-36 
2-42 

0-92 

8-66 

0-08 
(5)1-83 

8-78 
t  • 

0-92 
(«)  1-41 

(»)  4-227  Nitric  acid=l-098  Nitrogen  =1-331  Ammonia. 
(*)  4-4«3     „       „   =1"1C2      ,>       -1  ni  „ 
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The  samples  of  sewage  and  drainage  to  which  Table  XVI. 
refers  Avere  not  collected  in  either  of  the  fields  formerly  under 
experiment  but  in  a  m'eadow  in  the  occupation  of  Mr.  Campbell, 
where  sewa'o-c  had  been  pretty  liberally  applied  for  the  last  two  or 
three  scasorrs,  but  in  which  the  application  had  been  suspended  for 
some  weeks  until  within  a  few  days  of  commencing  to  take  the 
sample?.  The  plan  of  collection,  both  for  sewage  and  drainage, 
was,  to  take  of  the  former  about  a  gallon,  and  of  the  latter  about 
half  a  gallon,  8  or  10  times  during  the  10  or  12  working  hours 
of  the  day ;  at  the  end  of  the  day  after  well  shaking  to  take  a 
gallon  from  each  mixture,  and  to  repeat  this  for  six  consecutive 
days  until  six  gallons  of  each  was  obtained  ;  when,  from  each,  after 
well  shaking,  a  two  gallon  sample  was  taken,  and  sent  to  Professor 
"Way  for  aiftilysis.  The  sewage  flowed  from  the  main  into  open 
runs  for  distribution  over  the  land,  but  for  the  purpose  of  collect- 
ing the  samples,  the  stand  pipe  was  each  time  affixed,  and  the 
water  allowed  to  flow  through  it  for  ten  minutes  before  the  sample 
was  taken.  The  drainage  was  taken  direct  from  the  main  cross 
pipe  drain  at  the  lower  end  of  the  field.  Both  sewage  and  drain- 
age were  allowed  to  run  an  hour  or  two  each  morning  before 
taking  the  first  sample. 

During,  and  for  sometime  previous  to,  the  collection  of  these 
samples,  the  weather  was  unusally  dry,  and  the  land  was  itself  so 
dry,  and  in  many  places  cracked,  that  it  was  feared  a  good  deal  of 
the  sewage  would  find  its  way  too  directly  to  the  drains.  Judging 
from  the  results,  however,  which  show  a  less  amount  of  matter  in 
solution  (both  organic  and  inorganic)  in  a  gallon  of  drainage  in 
proportion  to  that  in  an  equal  volume  of  sewage  than  in  the 
average  of  the  cases  relating  to  the  other  fields  and  previous 
seasons,  it  would  appear  that  the  soil  had  done  its  Avork  of  absorp- 
tion at  any  rate  as  well  in  the  cases  to  which  the  more  detailed 
analysis  refer  as  in  the  majority  of  the  others.  It  would,  ob- 
viously, be  desirable  to  have  samples  taken  for  analysis  under  very 
different  conditions  of  the  weather  and  of  the  land  ;  and  the  plan 
was,  to  have  such  samples  taken  and  analysed;  but  up  to  the  time 
of  writing  the  drought  has  continued,  and  it  is  doubtful  whether 
results  relating  to  wetter  weather  can  be  available  for  embodiment 
in  the  present  report. 

In  judging  of  the  results  of  either  Table  XV.  or  XVI.,  it  will 
of  course  be  borne  in  mind,  that  the  quantity  of  any  constituent  in 
a  gallon  of  the  drainage  water  compared  with  that  in  a  gallon  of 
the  sewage,  by  no  means  directly  indicates  the  proportion  supplied 
by  the  latter  which  has  not  been  taken  up  by  the  soil.  We  had 
not  the  means  of  gauging  the  amount  of  fluid  passing  off  as  drain- 
age water ;  but  excepting  when  the  land  is  already  saturated,  it 
must  obviously  be  considerably  less  than  that  passed  on  to  it  as 
sewage.  In  fact,  a  gallon  of  drainage  water  will  represent  much 
more  than  a  gallon  of  sewage,  and  hence  the  amount  of  any  con- 
situent  of  the  sewage  found  in  a  gallon  of  the  drainage  must  have 
been  derived  from  more  than  a  gallon  of  the  former.  The  non- 
retention  of  valua])le  manurial  matters  by  the  soil  was,  therefore, 
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not  so  great  as  would  at  first  sight  appear  from  an  inspection  of 
the_  comparative  composition  of  equal  volumes  of  sewage  and  of 
drainage  water. 

It  is  satisfactory  to  observe  that,  of  the  inorganic  matters  in 
solution  in  the  sewage,  by  far  the  larger  proportion  of  those  con- 
stituents which,  by  the  removal  of  the  produce  from  the  land,  are 
the  most  likely  to  become  deficient  relatively  to  others,  is  retained 
by  the  soil.  Thus,  smaller  proportions  of  both  the  potass  and  the 
phosphoric  acid  coming  on  to  the  land  in  the  sewage  passed  off  in 
the  drainage_  than  of  any  other  constituents.  Of  the  bases,  soda 
was  also  retained  by  the  soil  to  a  considerable  extent,  magnesia  in 
a  less  degree,  and  lime  less  still.  Indeed,  of  lime,  there  was  more 
in  a  gallon  of  drainage  than  in  a  gallon  of  sewage.  Of  sulphuric 
acid,  again,  there  was  considerably  more  in  the  drainage'than  in  an 
equal  volume  of  the  sewage.  Lastly,  of  soluble  silica  a  con- 
siderable portion  passed  off  in  the  drainage. 

Of  inorganic  matter  in  suspension,  the  quantity  in  the  drainage 
water  was  so  small,  and  it  was  so  obviously  derived  from  the  soil, 
that  it  was  considered  quite  unnecessary  to  submit  it  to  analysis. 
It  may  be  concluded,  indeed,  that  practically  the  whole  of  the 
suspended  matter  of  the  sewage,  both  inorganic  and  organic, 
would  be  retained  by  the  soil.  It  will  be  observed  that  a  consi- 
derable proportion  of  the  phosphoric  acid  of  the  sewage  was  in 
the  suspended  matter ;  and  as  there  was  none  in  that  of  the  drain- 
age, a  much  larger  proportion  of  the  total  amount  of  that  con- 
stituent of  the  sewage  was  retained  by  the  soil  than  appears  from 
the  figures  relating  to  the  phosphoric  acid  in  solution  alone. 

Of  organic  matter  in  solution  a  very  considerable  quantity  was 
found  in  the  drainage  water ;  though,  compared  with  the  amount 
in  the  sewage,  not  quite  so  much  in  the  two  cases  to  which 
Table  XVI.  refers  as  on  the  average  of  the  large  number  of 
cases  to  which  Table  XV.  relates.  There  can  be  little  doubt, 
however,  that  the  soluble  organic  matter  of  the  drainage  was 
very  different  in  character  to  that  in  the  sewage.  That  set 
down  as  soluble  organic  matter  in  the  sewage  contained  a  very 
much  larger  proportion  of  nitrogen  as  ammonia,  or  ammonia- 
yielding  matter,  than  that  in  the  drainage.  It  is  probable  too, 
that,  during  periods  of  active  vegetation,  a  notable  portion  of  the 
soluble  organic  matter  of  drainage  will  frequently  be  derived  from 
vegetable  matter  within  the  soil,  and  not  directly  from  the  sewage. 

An  important  point  to  remark,  which  the  more  detailed  analyses 
recorded  in  Table  XVI.  discloses,  is,  that  whilst  the  sewage  did 
not  contain  an  appreciable  amount  of  nitric  acid,  the  drainage 
contained  more  nitrogen  in  that  form  than  as  ammonia ;  and 
addino-  the  amount  of  ammonia  to  which  the  nitrogen  in  the 
nitric°acid  is  equivalent  to  that  determined  as  such,  it  would 
appear  that  the  soil  had  not  retained  so  large  a  proportion  of 
that  important  manurial  constituent  of  the  sewage  as  might 
have  been  judged  if  only  the  more  partial  analyses,  the  average 
results  of  which  are  recorded  in  Table  XV.,  had  been  made. 
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The  amounts  of  potass,  phosphoric  acid,  ammonia,  and  nitric 
acid  found  in  the  drainage  water,  clearly  show  that  the  sewage 
was 'not  perfectly  deprived  of  its  valuable  manurial  matters  in 
its  passaf^e  through  the  soil;  and  the  amounts  of  total  soluble 
matter,  and  especially  of  soluble  organic  matter,  show  that  it 
was  by  no  means  perfectly  purified.  There  is,  indeed,  a  limit, 
depending  upon  the  physical  and  chemical  characters  of  the  soil, 
nnd  upon^the  amount  and  composition  of  the  fluid  passed  through 
it,  to  the  power  which  a  soil  possesses  of  removing  substances 
from  solution,  or  of  preventing  those  already  absorbed  from  being 
dissolved,  in  water  passing  through  it ;  and  so  far  as  the  soluble 
organic  matters  of  the  drainage  are  derived  from  vegetable  matter 
wilhin  the  soil,  it  is  a  question  whether  there  will  not  always 
be  a  considerable  amount  in  that  passing  from  land  covered  with 
a  luxuriant  vegetation.  So  far,  however,  as  the  nitrogen  of  the 
drainage  exists  in  the  form  of  nitric  acid,  it  is  a  pretty  satisfactory 
indication  that  the  organic  matter  has  to  a  great  extent  already 
passed  the  stage  of  deleterious  putrescence. 

In  the  experiments  under  consideration  the  arrangements  were 
not  such  as  to  allow  of  the  water  drained  from  one  portion  of  the 
land  being  passed  over  another,  otherwise  it  wovild  no  doubt  have 
been  more  completely  both  utilized  and  purified.  At  Beddington, 
near  Croydon,  where  a  tract  of  about  250  acres  is  already  laid 
down  for  sewage  irrigation  by  gravitation  and  open  runs  (and  the 
area  is  in  course  of  enlargement),  a  great  portion  of  the  water 
does  duty  twice,  and  sometimes  three  times ;  and  from  the  results 
of  some  analyses  of  the  sewage  and  of  the  drainage  water,  which 
have  kindly  been  communicated  by  Mr.  Latham,  the  Engineer 
to  the  Croydon  Local  Board  of  Health,  it  appears  (see  Appendix, 
No.  3,  p.  203.)  that  the  water  eventually  passes  from  the  land  in 
a  state  of  much  greater  purity  than  was  the  case  in  the  Rugby 
experiments.  In  fiict,  before  the  present  arrangements  were  in 
force,  the  Croydon  Board  had  to  meet  numerous  law  suits  on 
account  of  the  pollution  of  the  river  by  the  sewage ;  but  so 
efficiently  is  the  sewage  now  purified  that  those  having  the 
right  of  fishing  in  the  river  have  found  it  worth  while  to  fix 
gratings  to  prevent  the  fish  going  up  the  main  outfall  from  the 
sewage  irrigated  land. 

It  is  clear  that  in  any  extensive  scheme  for  the  irrigation  of 
grass  land  by  sewage,  the  arrangements  should  be  such  as  to 
allow  of  the  water  being  passed  over  or  through  the  land  more 
than  once,  so  that  both  the  utilisation  and  the  purification  may  be 
as  complete  as  possible. 

VIII.  Composition  of  the  Unsewaged  and  Sewaged  Grass. 

It  has  been  seen  that,  reckoned  in  the  fresh  or  green  state, 
a  greater  weight  of  sewaged  than  unsewaged  grass,  was  re- 
quired to  yield  a  given  amount  of  milk  or  increase  in  live 
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weight;  but  that  less  of  the  dry  or  solid  substance  of  the 
sewaged  than  of  the  unsewagcd  grass  was  required  to  produce 
a  given  amount  of  milk  or  increase.  It  was  further  found  that, 
especially  in  the  case  of  the  sewaged  grass,  it  required  less,  both 
of  green  grass  and  of  dry  substance  of  grass,  to  yield  a  givea 
return  in  milk  during  the  earlier  than  the  later  portions  of  the 
season,  and  also  less  in  one  season  than  in  another.  It  i& 
obviously  important,  therefore,  to  ascertain  the  difference  in  the 
proportion  of  dry  or  solid  substance,  and  the  difference  in  the 
composition  of  the  solid  substance  itself,  of  the  grass  grown 
without  and  with  sewage,  with  smaller  and  with  larger  quantities 
of  scAvage,  at  different  periods  of  the  season,  and  in  different 
seasons. 

The  mode  of  taking  and  preparing  samples  for  analysis  was- 
sufficiently  described  in  our  former  Eeport ;  and  the  general 
results  of  the  analyses  of  the  produce  of  the  first  season  (186 1> 
were  also  there  discussed ;  the  details  being  given  in  Tables 
XXXIX.,  XLV.,  in  the  Appendix  to  that  Report. 

The  detailed  results  of  the  analysis  of  the  produce  of  1862 
and  1863  are  given  in  Tables  XXVIII.-XL.,  pp.  176-193,  in 
Appendix  No.  1.  to  the  present  Report ;  but  the  following  sum- 
mary Tables  XVII.  and  XVIII.  bring  together,  side  by  side,  the 
mean  results,  both  as  to  proportion  of  dry  substance  and  composi- 
tion of  dry  substance,  for  each  of  the  three  seasons  over  which 
the  experiments  have  been  conducted,  and  these  will  be  sufiicient 
to  indicate  the  chief  points  of  interest. 

The  general  indications  of  the  further  results  now  adduced  are 
strictly  accordant  with  those  formerly  reported  ;  the  only  new 
point  illustrated  being  the  difference  in  the  composition  of  the 
grass  in  one  season  compared  with  another. 

Comparing  first  the  composition  of  the  grass  produced  under 
different  conditions,  in  one  and  the  same  season,  it  is  seen  that 
there  is  in  each  season  a  very  great  difference,  both  in  the  pro- 
portion of  the  dry  substance  and  in  the  composition  of  that  dry 
substance,  according  to  the  varying  circumstances  of  growth. 
"With  scarcely  an  exception  in  either  season,  the  proportion  of 
dry  or  solid  substance  in  the  grass  as  cut,  weighed,  and  given 
to  the  animals,  was  considerably  lower  in  the  sewaged  than  in 
the  unsewaged  grass,  and  generally  the  lower  the  larger  the 
quantity  of  sewage  employed.  There  was  also,^  pretty  uniformly, 
a  diminished  proportion  of  dry  substance  in  each  successive  cutting 
as  the  season  advanced. 

It  will  be  readily  understood  that  the  proportion  of  dry  or 
solid  substance  in  the  grass  depends  upon  the  stage  of  growth, 
the  proportion  of  leaf  and  stem,  and  the  condition  of  the  weather 
at  the  time  of  cutting.  The  grass  grown  without  sewage  was  for 
the  most  part  cut  at  a  later  stage  of  growth,  and  showed  more 
tendency  to  form  stem  and  seed  than  that  grown  with  it,  and 
the  greater  the  quantity  of  sewage  the  greater  was  the  production 
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Table  XVII.  Per-centages  of  Dry  Substance  in  the  Unsewaged  and 

the  Sewajjed  Grass. 


Seasons  1861,  1862,  and  1863. 


Five-acre  Field. 

Ten-acre  Field. 

Un- 
sewaged, 

Plot  1. 

Sowagod. 

Un- 
sewaged, 

Plot  1. 

Sewaged. 

Plot  2. 

Plots. 

Plot  4. 

Mean. 

Plot  2. 

Plots. 

Plot  4. 

Mean. 

Meadow  Grass.    Pirst  Season,  1861. 


1st  Crop  - 

27-9 

30-5 

2G-9 

27-7 

28-3 

22-0 

23-3 

21-4 

18-4 

21-3 

2d  Crop  - 

24-4 

19-8 

14-2 

13-S 

17-9 

26-9 

17-1 

15-1 

ic-1 

18-8 

3d  Crop 

lS-4 

13-7 

12-9 

13-3 

12-6 

7-3 

14-4 

11-4 

*tli  Crop  - 

15-4 

9-6 

12-5 

16-9 

15-1 

17-8 

16-6 

Mean  - 

26-2 

21  "2 

17-6 

15-9 

24-3 

17-5 

14-7 

16-7 

Meadow  Grass.    Second  Season,  1862. 

1st  Crop  - 

26-7 

22-8 

14-4 

15-3 

19-8 

26-9 

19-5 

13-5 

13-1 

18-3 

2d  Crop 

2?.-8 

14-3 

10-4 

19-4 

i8-2 

17-9 

lG-2 

19-0 

16-7 

17-5 

3d  Crop 

18-2 

12-9 

14-2 

13 -1 

14-5 

14-4 

15-8 

14- D 

4tli  Crop  - 

•33-8 

33-8 

3  lean  - 

24-8 

18-4 

14-6 

16-3  i 

1 

22-4 

16-4 

15-6 

15-2 

Meadow  Grass.    Third  Season,  1863. 


1st  Crop 

36-1 

21-5 

17-G 

16-3 

22-9 

39-8 

18-6 

20-0 

14-6 

23-» 

2d  Crop 

34-4 

18-5 

14-9 

17-8 

21-4 

18-2 

17-7 

16-3 

18-8 

17-3 

3d  CroJ)  - 

17-7 

10-9 

17'6 

15-4 

12-4 

14-G 

15-2 

14-1 

411 1  Crop  - 

15-8 

13-0 

12-3 

13-7 

13-9 

13-6 

13-8 

5Ui  Crop  - 

IS'3 

15-3 

Mean  - 

35-3 

18-4 

14-1 

15-9 

29-0 

16-2 

16-2 

15-6 

Italian  Eye  Grass,  1863. 


Un- 
^sewaged. 

Plot  1. 


Sewaged. 


Plot  2.  Plots. 


Mean. 


1st  Crop 

2d  Crop 
3d  Crop 
4th  Crop 
5th  Crop 
6th  Crop 


21-3' 


23-7 
3G-4 
33-2 
19-9 


28-3 


18-8 
27-5 
13-8 
lG-8 
lS-6 


19-1 


17-  5 

18-  3 
18-9 
17-8 
20-4 


18-6 


21-  3 

20-0 
27-4 

22-  0 

18-  2 

19-  5 


♦  All  three  plots  were  unsewaged  until  after  the  first  cutting. 


'aulr  XVIir.— Mean  Composition  (per  cent.)  of  the  Dry  Substance  of  tlic 
Grass,  without  and  with  Sewage,  and  in  eacli  successive  Crop. 


In  Seasons  1861,  1862,  and  1863 


■without  and  with  Sewage. 

Each  successive  Crop. 

Un- 

Sewaged. 

sowaged, 

1st 

2d 

.'id 

4th 

5th 

Gill 

Plot  1. 

PIot2.jpiot3. 

Plot  4. 

Crop. 

Crop. 

Crop. 

Crop. 

Crop. 

Crop. 

Meadow  Grass— Fu-st  Season,  1861. 


Number  of  analyses  giving  the  \ 
means      -       -        -  -J 

5 

7 

9 

9 

n 

9 

7 

5 

Nitrogenous  substance  (N  x  6  "3) 

18 -08 

18-67 

18-92 

19-78 

10 -33 

18-07 

23-70 

28-25 

Patty  matter  (ether  exti-act) 
Woody  fibre      -      -       -  . 
Other  non-nitrogenous  substances 

3'21 
28-80 
45-66 

3-54 
29-34 
37-09 

3-53 
30-15 
35-94 

29-13 
35-92 

3-01 
30-80 
47-79 

3-60 
28-45 
38-28 

3-65 
28-50 
30-84 

3-84 
28-60 
24-67 

Mineral  matter  (ash) 

9-25 

11-36 

11-46 

11-73 

8-07 

11-60 

13-25 

14-74 

100-00 

100-00 

100-00 

100-00 

100-00 

100-00 

100-00 

100-00 

Meadow  Grass — Second  Season,  1862. 

Number  of  analyses  giving  the') 
aneans      -       -        -  -j 

4 

6 

6 

7 

11 

9 

6 

1 

Nitrogenous  substance  (N  x  6'3) 

9-49 

15-65 

15-70 

16-83 

11-65 

12-70 

20-44 

18-22 

Patty  matter  (ether  extract) 
Woody  fibre      -      -       .  . 
Other  non-nitrogenous  substances 

2-93 
29-80 
47-84 

3-81 
29-20 
40-70 

3-64 
29-18 
40-50 

8-85 
29-86 
39-01 

2-82 
32-42 
44-40 

3-72 
29-01 
43-87 

4-34 
26-69 
86-00 

4-42 
24-86 
38-70 

Mineral  matter  (ash) 

9-94 

10-64 

10-98 

10-45 

8-71 

10-70 

12-53 

13-80 

100-00 

100-00 

100-00 

100-00 

lOO-Oo'lOO-OO  100-00 

1  1 

100-00 

Meadow  Grass — Third  Season,  1863. 


Number  of  analyses  giving  the ") 

4 

7 

8 

9 

8 

8 

0 

5 

1 

means      -       -        -  -J 

Nitrogenous  substance  (N  x  6-3) 

10-31 

18-43 

20-49 

22-38 

15-05 

16-64 

19-88 

26-12 

32-19 

Patty  matter  (ether  extract) 

4- OS 

5  04 

4-68 

4-83 

4-79 

4-31 

5-00 

4-93 

5-07 

Woody  fibre      .      -      -  - 

28-64 

26-08 

25-62 

25-40 

26-55 

28-07 

26-08 

23-38 

20-51 

Other  non-nitrogenous  substances 

47-29 

39-48 

37-82 

85-79 

44-32 

39-68 

37-05 

33-26 

29-62 

Mineral  matter  (ash) 

9-68 

10-97 

11-39 

11-60 

9-29 

11-30 

11-99 

12-36 

12-61 

100-00 

100-00 

100-00 

100-00 

100-00 

100-00 

100-00 

100-00 

100  00 

Italian  Eye-grass,  1863. 


Number  of  analyses  giving  the') 
means      .       .        -  .j 


Nitrogenous  substance  (N  x  6-3) 

Patty  matter  (ether  extract) 
"Woody  fiibro      .      -       .  - 
Other  non-nitrogenous  substances 

Mineral  matter  (ash) 


12-44 

3-58 
24-68 
49-21 

10-14 


100-00 


18-78 

4-45 
25-51 
39-76 

11-50 


100-00 


18-11 

3-S5 
25-55 
41-47 

11-02 


I 


100-00 


12-51 

3-61 
17-79 
50-59 

9-50 


12-86 
3-01 


11-07 
3-28 


26-951  2S-7i) 
•18-28  4S-S8 

8-9o!  7-98 


10-70 

4-31 
27-10 
'10 -S' 

10-96 


100  -  00 ,100  •  00 100  -  00|  100  -  00 


20-91 

4-49 
22-61 
88-34 

18-62 


21-70 

5-13 
2'J-IO 
83-21 

14-71 


100-00  100  CO 

I 


I 
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of  succulent  leaf;  though,  even  with  sesvnge,  the  tendency  to 
run  to  seed  is  much  greater  in  hot  and  dry  than  in  cold  and 
wet  seasons.  Tlien  again,  the  earlier  crops  of  the  season  are  not 
only  ffrown  under  much  more  favourable  maturing  conditions,  but, 
from  their  much  greater  abundance,  they  are  generally  cleared 
more  slowly,  and  are  therefore  liable  to  be  in  a  more  advanced 
staa-e  when  cut;  whilst  the  later  ones  are  not  only  produced 
under  less  favourable  maturing  circumstances,  but  are  frequently 
much  more  affected  in  their  condition  by  unfavourable  weather  at 
the  time  of  cutting. 

With  Italian  rye  grass,  as  well  as  with  meadow  grass,  the 
herbage  in  the  condition  in  which  it  was  cut  was  found  to  be 
much°more  succulent  when  grown  with  sewage  than  Avithout 
it.  In  the  case  of  the  rye  grass,  however  (though  it  is  true 
only  small  quantities  of  sewage  were  applied,  and  the  results 
relate  to  only  one  season),  the  diminution  in  the  proportion  of 
dry  substance  as  the  season  advanced  was  somewhat  less  marked. 

The  general  result  is,  that  there  was  a  less  proportion  of  dry 
or  solid  substance  in  the  sewaged  grass,  as  cut,  than  in  the 
unsewaged ;  but  that  a  given  amount  of  dry  substance  in  the 
sewaged  was  more  productive  of  milk  and  increase  than  an  equal 
amount  in  the  unsewaged  grass. 

The  question  arises, — was  there  any  difference  in  the  com- 
position of  the  dry  or  solid  substance  of  the  unsewaged  and  the 
sewaged  grass  which  may  account  for  the  higher  food-qualities  of 
that  of  the  sewaged  ? 

Table  XVIII.  shows  that  the  most  remarkable  difference  was 
in  the  proportion  of  the  nitrogenous  constituents,  the  per-centage 
of  which  was  in  each  season  much  higher  in  the  solid  matter  of 
the  sewaged  than  in  that  of  the  unsewaged  grass,  and  also  the 
higher  the  greater  the  quantity  of  sewage  applied.  The  pro- 
portion of  green  and  impure  fatty  or  waxy  matter  was  also  some- 
Avhat,  but  in  a  less  degree  than  the  nitrogenous  substance,  the 
greater  in  the  sewaged  grass.  The  comparatively  indigestible 
woody  fibre,  judging  from  the  results  of  1862  and  1863,  when 
the  sewaged  crops  were  cut  in  a  younger  and  more  favourable 
condition  than  in  1861,  will  probably  average  less  in  sewaged 
than  in  unsewaged  grass.  But  the  mineral  matter,  like  the  nitro- 
genous and  green  fatty  or  waxy  matters,  is  in  the  larger  amount 
in  the  sewaged  grass,  and  like  them  also,  a  relatively  large  amount 
of  it  is  generally  indicative  of  a  more  unripe  and  succulent 
condition. 

That  the  higher  milk-yielding  qualities  of  the  solid  matter  of 
the  sewaged  grass  do  not  depend  simply  on  its  higher  per-centage 
of  nitrogenous  constituents  is  evident  from  the  fact  that  the  solid 
matter  of  the  later  crops  of  the  season,  which,  weight  for  weight, 
had  much  less  value  as  food  than  that  of  the  earlier,  nevertheless 
contained  a  very  much  higher  proportion  of  nitrogenous  substance. 
Indeed,  there  was  generally  more  than  twice  as  much  nitrogenous 
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substance  in  a  given  amount  of  the  solid  matter  of  the  last  than  of 
the  first  crop  of  the  season. 

It  would  appear  that  the  higher  qualities  of  the  solid  matter  of 
the  sewaged  grass,  and  of  the  grass  grown  in  the  earlier  and  more 
genial  periods  of  the  season,  were  due  rather  to  a  favourable  con- 
dition of  maturation,  and,  therefore,  of  digestibility  and  assimila- 
bility,  of  the  constituents.  That  the  condition  of  maturation  or 
elaboration  of  the  constituents  had  much  to  do  with  the  quality  or 
the  grass  is  evident  from  the  fact  that  the  produce  of  the  warmer 
seasons  of  1861  and  1863  was  much  more  productive  than  that  of 
the  cold  and  wet  season  of  1862.  And  that  a  comparatively  high 
per-centage  of  nitrogenous  substance  is  only  advantageous  when 
accompanied  with  a  favourable  condition  of  maturation,  may  be 
gathered  from  the  fact  that  with  the  higher  per-centage  of 
nitrogen  in  the  produce  grown  in  the  more  favourable  seasons 
of  1861  and  1863  there  was  higher  feeding  quality,  whilst  with 
the  higher  per-centage  of  nitrogen  in  the  produce  grown  in  the 
]ater  and  colder  periods  of  the  seasons,  there  was  lower  feeding 
quality. 

Italian  rye  grass  seems  to  be  subject  to  very  similar  variations 
in  composition,  by  the  application  of  sewage,  and  at  different 
periods  of  the  season,  as  meadow  grass ;  but  as  the  amounts  of 
sewage  applied  to  it  were  comparatively  small,  and  the  results 
relate  to  one  season  only,  it  can  scarcely  be  judged  with  certainty, 
whether  or  not  the  changes  in  composition  would,  under  compara- 
rable  circumstances,  be  much  the  same  in  degree  as  well  as  kind, 
with  the  two  descriptions  of  herbage.  The  feeding  results  seem  to 
indicate  that  the  Italian  rye  grass  deteriorated  somewhat  less  than 
the  meadow  grass  as  the  season  advanced,  but  the  difference  in 
chemical  composition  offers  no  very  obvious  explanation  of  the 
fact. 

IX.  Effects  of  Sewage  on   the  mixed  lierhage  of  grass  land  in 
developing  the  more  freely  growing,  at  the  expense  of  the  less 
freely  groioing  plants. 

It  is  well  known  that  active  manures  of  any  kind,  when  applied 
to  the  mixed  herbage  of  grass  land,  develop  certain  more  freely- 
growing  plants  to  the  partial,  or  in  some  cases,  the  entire  exclusion 
of  others.  Irrigation,  whether  by  sewage  or  otherwise,  produces 
very  similar  effects. 

On  careful  inquiry,  and  by  the  aid  of  samples  obtained  from 
■some  of  the  most  important  sewage  meadows  in  the  neighbourhood 
of  Edinburgh,  it  is  found  that  wherever  the  application  has  been 
continued  for  a  considerable  number  of  years,  the  produce  consists 
almost  exclusively  of  rough  meadow  grass  {poa  trivialis),  common 
couch  grass  {triticum  repens),  and  in  a  smaller  proportion  of  rye 
grass  (Jolium  perenne),  or  rough  cock's-foot  {dactylis  glomerata), 
or  both  ;  the  chief  weed  being  crow-foot  {i-anunculus),  of  various 
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-uccles  In  four  out  of  five  reports  from  as  many  different  sewage 
ihrmers  the  poa  is  said  to  stand  first,  and  the  couch  grass  second 
in  decree  of  prominence.  Tlie  poa  also  seems  to  stand  first  in 
estimation  as  a  sewage  grass ;  whilst  the  common  couch  is  also 
much  valued.  Indeed,  Mr.  Thomson,  of  Koseburn,  informs  us 
that  he  has  actually  transplanted  this  weed  of  our  corn  fields  from 
his  arable  land  to  lay  down  for  sewage  meadow,  and  that  the 
result  has  been  quite  satisfactory  ;  he  also  informs  us  that  when 
he  has  sown  as  many  as  15  or  20  different  kinds,  most  oi  them 
have  gradually  died  out,  and  after  some  years  only  a  few  suitable 
to  the  land  and  the  treatment  remained.  (See  notes  on  the 
Edinburgh  Meadows,  Appendix,  p.  198  et  seq.) 

At  Riio-by  similar  effects,  but  at  present  in  a  less  degree,  have 
been  prod'iiced.  The  following  observations  on  the  character  of 
the  herbage  in  the  two  fields  are  founded  "upon  the  records  of  a 
careful  examination  made  in  August  1862,  since  which  time, 
however,  further  change  lias  doubtless  taken  place  on  the  sewaged 
plot.?. 

The  portion  of  land  left  unsewaged  by  the  Commission  in  the 
five-acre  field  had  received  less  sewage  previously  than  that  in 
the  ten-aere  •  field,  and  showed  somewhat  greater  complexity  of 
herbage. 

In  the  five-acre  field  the  most  prominent  grasses  on  the 
unsewaged  portion  were  woolly  soft>grass  (Jiolcus  laiiatus),  common 
bent  grass  (^agi-ostis  vulgaris),  rough  meadow  grass  {poa  trivialis), 
hard  fescue  (festuca  dariuscula),  rough  cock's-foot  {clactylis  glome- 
ratd),  and  rye  grass  (lolium  perenne),  with  a  number  of  others  in 
much  smaller  proportion.  The  herbnge  also  comprised  several 
species  of  the  Leguminous  family,  besides  a  number  of  weeds,  of 
which  the  most  prominent  were  ribwort  [planfago  lanceolata), 
m\\?o\\  (acliillcea  millefolium),  sorrel  dock  {rumex  acetosa),  and 
dandelion  (taraxacum  dens-leonix).  In  the  ten-acre,  as  in  the  five- 
acre  field,  the  cock's-foot,  woolly  soft  grass,  rye  grass,  and  hard 
fescue,  were  among  the  most  prominent  of  the  grasses  without 
sewage,  whilst  the  rough  meadow  grass,  and  others,  were  less 
prominent  than  in  the  five-acre  field.  The  amount  of  Leguminous 
herbage  was  also  less  than  in  the  five-acre  field,  whilst  crow-foot 
was  extremely  abundant. 

In  the  sewnged  herbage  of  both  fields  the  cock's-foot  and  woolly 
soft  grass  "were  by  far  the  most  abundant,  the  rye  grass  coming 
next,  and  perhaps  the  rough  meadow  grass  or  the  hard  fescue 
next,  others  being  more  recfuced.  In  both  fields  the  Leguminous 
herbage  was  much  reduced  in  proportion  under  the  influence  of 
sewage,  whilst  in  the  five-acre  field  the  sorrel-dock,  and  in  the 
ten-acre  the  crow-foot,  were  the  most  prominent  weeds. 

In  the  sewage  meadows  near  Croydon,  the  cock's-foot  and  rye 
grass  appear  to  be  the  predominating  grasses. 

The  general  effect  of  sewage  irrigation  on  the  mixed  herbao-e 
of  meadow  land  may  be  stated  to  be,  to  develop  the  Gramipaceous 
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herbage  chiefly,  nearly  to  exclude  the  Leguminous,  and  to  reduce 
the  prevalence  of  miscellaneous  or  weedy  plants,  but  much  to 
encourage  individual  species.  It  also,  at  the  expense  of  the  rest, 
encourages  a  few  free-growing  grasses,  among  which,  according 
to  locality  and  other  circumstances,  the  rough  meadow  grass, 
couch  grass,  rough  cock's-foot,  woolly  soft  grass,  and  rye  grass, 
have  been  observed  to  be  very  prominent.  The  result  is  an 
almost  exclusively  Graminaceous,  and  very  simple  herbage.  But, 
as  the  produce  of  sewage  Irrigated  meadows  Is  generally  either  cut 
or  grazed  In  a  very  young  and  succulent  condition,  the  tendency 
which  the  great  luxuriance  of  a  few  very  free  growing  grasses  has 
to  give  a  coarse  and  stemmy  later  growth  Is  not  an  objection,  as 
it  is  In  the  case  of  meadows  left  for  hay.  Indeed,  as  has  been 
already  shown,  when  the  produce  Is  given  to  animals  in  a  green 
and  succulent  state,  a  given  weight  of  the  dry  or  solid  substance 
of  the  more  simple  sewaged  grass  Is  more  productive  than  an  equal 
weight  of  that  of  the  more  complex  unsewaged  produce. 


X.  Composition  of  the  milk  yielded  from  the  unsewaged  and  from 

the  seivaged  grass. 

Once  a  week  during  the  greater  part  of  the  season  of  1861,  the 
morning  and  evening  milk  of  the  cows  fed  on  unsewaged  grass 
was  mixed  together,  and  a  gallon  sample  taken.  Samples  of  the 
milk  from  the  sewaged  grass  were  taken  In  the  same  way.  In 
1862  similar  samples  were  collected,  but  then  only  once  a  month. 
In  1863  none  were  taken.  In  all  cases  the  samples  were,  as  soon 
as  taken,  put  Into  bottles  filled  up  to  the  corks,  sealed  down,  and 
sent  off  the  same  evening  by  railway  to  Professor  Way  for 
analysis. 

In  1861  there  were  In  all  13  samples  of  milk  frona  unsewaged, 
and  15  from  the  sewaged  grass,  and  In  1862,  six  from  the 
unsewaged  and  six  from  the  sewaged  grass  so  collected  and  sub- 
mitted to  analysis.  The  results  of  each  of  the  28  analyses  ot 
the  milk  of  1861  were  given  In  Table  XL VI.  in  the  Appendix 
to  the  previous  Eeport,  and  those  of  the  12  made  of  the  milk  ot 
1862  are  given  in  Table  XLL,  p.  194,  in  the  Appendix  to  the 
present  Report. 

In  the  following  summary  Table,  XIX.,  the  results  of  the 
whole  40  analyses  of  milk  are  so  classified  as  to  bring  to  view  the 
chief  points  of  interest. 
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Table  XIX.  Mean  pev-centage  Composition  of  the  Milk  produced 

from  XJiisowaged  and  Sewaged  Grass,  alone  or  with  Oilcake  in 
addition,  and  in  different  Seasons. 

Seasons  1861  and  1862. 




Season  1861. 

Season  1862. 

Cows  fed  on 

Grass  alone. 

Grass  and  Oilcake. 

f^AWn  @'pf1 

Eye-grass 
and 
Clover, 

and 
Oilcake. 

Grass  and  Oilcake. 

tTn- 
sewaged. 

Scwaged. 

TJn- 
sewaged. 

Sewaged. 

Un- 
sewaged. 

Sewaged. 

Number  of  Analyses  ] 
giving  the  Means  -  j 

9. 

10. 

4. 

4. 

1. 

6. 

6. 

Casein 

Butter      -      .  - 
Sugar  of  Milk,  &c.  - 

3-248 

3-  604 

4-  405 

3-2-41 

3-  430 

4-  218 

3-352 

3-  657 

4-  501 

3-423 

3-  707 

4-  689 

3-125 

3-  473 

4-  700 

8-513 

3-  S34 

4-  502 

3-  4G7 
3  •55!) 

4-  440 

Mineral  matter 

0-753 

0-776 

0-740 

0-771 

0-752 

0-753 

0-771 

Total  solid  matter 

12-008 

11-665 

12-310 

12-590 

12-050 

12-602 

12-237 

"Water  ... 

87-992 

88-335 

87-690 

87-410 

87-950 

87-898 

87-763 

100-000 

100-000 

100-000 

100-000 

100-000 

100-000 

100-000 

The  average  results  of  the  numerous  analyses  of  the  milk  of 
the  season  of  1861  showed  a  somewhat  lower  proportion  of  each 
of  the  constituents — casein,  butter,  sugar,  &c. — and  also  of  total 
solid  substance,  but  a  slightly  higher  proportion  of  mineral  or 
saline  matter  in  that  from  the  sewaged  than  in  that  from  the 
unsewaged  grass,  when,  for  a  period  of  16  weeks,  the  cows  were 
fed  on  grass  alone.  But  when,  for  a  period  of  four  weeks  at  the 
end  of  the  season,  oilcake  was  given  in  addition  to  the  grass, 
the  milk  from  the  sewaged  grass  contained  rather  more  instead 
of  less  of  casein,  butter,  sugar,  &c.,  and  total  solid  matter,  than 
that  from  the  unsewaged;  and  both  kinds  of  grass,  although  at 
the  end  of  the  season,  gave,  with  oilcake  in  addition,  milk 
containing  more  of  each  of  the  constituents  mentioned  than  the 
grass  of  the  earlier  and  more  genial  periods  of  the  season  when 
it  was  given  alone. 

In  1862  the  season  was  very  cold  and  wet,  and  the  yield  of 
milk,  with  cake  given  in  addition  to  the  grass  throughout  the 
season,  was  little  if  any  better  than  during  the  period  of  tlie  more 
favourable  season  of  1861,  when  the  cows  had  grass  alone.  But 
both  from  unsewaged  and  from  sewaged  grass  the  milk  of  1862, 
when  oilcake  was  given,  was  somewhat  richer  than  that  of  1861 
without  it;  and  as  during  the  longer  period  of  1861  when  grass 
was  given  alone,  so  now  in  1862  when  cake  was  given  throughout, 
the  mi\k  from  the  sewaged  grass  contained  less  solid  matter,  and 
was  in  fact  somewhat  less  rich,  than  that  from  the  unsewaged. 
This  result  of  an  entire  season  is,  of  course,  more  reliable  than 
that  obtained  with  oilcake  during  the  concluding  four  weeks  only 
of  the  season  of  1861,  which  showed  as  above  observed  a  rather 


GO 


nclici-  milk  from  oilcalcc  and  scwagcd  than  from  oilcake  and 
iinscwagcd  grass.  Upon  the  whole  it  would  appear  probable 
that,  under  otherwise  comparal)le  conditions,  unsewaged  grass 
■will  give  a  slightly  richer  milk  than  sewaged,  whether  given  alone 
or  with  other  food  in  addition. 

The  general  result  is,  that  a  given  weight  of  fresh  unsewaged 
grass,  supplying  as  it  did  much  more  solid  matter,  gave  more  milk 
than  an  equal  weight  of  the  fresh  sewnged  grass;  that  a  given 
smount  of  the  dry  or  solid  substance  of  the  more  succulent 
sewaged  grass  gave  considerably  more  milk  than  an  equal  quantity 
of  that  of  the  unsewaged  ;  that  the  addition  of  oilcake,  whether 
to  unsewaged  or  to  sewaged  grass,  increased  the  richness  of  the 
milk  :  but  that  the  milk  from  the  sewaged  grass  (whether  given 
alone  or  with  oilcake)  was  somewhat  less  rich  than  that  from  the 
unsewaged. 

XI.  Experiments  on  the  application  of  Seicagc  to  Oats  in  1863. 

For  reasons  that  have  been  already  explained,  the  Commission 
did  not  think  it  desirable  to  vmdertake  a  systematic  series  of 
experiments  with  any  other  crops  than  grass.  Indeed,  so  to  have 
extended  their  inquiry,  would  have  required  imich  more  ample 
funds  than  were  at  their  disposal  for  experiments  on  the  agricul- 
tural utilisation  of  sewage.  By  the  kindness  of  Mr.  J.  A. 
Campbell,  however,  they  are  enabled  to  record  the  results  of  an 
experiment  on  the  application  of  sewage  to  oats. 

In  the  spring  of  1863,  in  a  field  from  which  a  crop  of  clover 
had  been  carried  off  in  1861,  and  in  1862  a  crop  of  wheat, 
Mr.  Campbell  was  about  to  give  the  then  growing  crop  of  oats 
a  top  dressing  of  nitrate  of  soda.  Instead  of  this,  four  plots  of 
about  an  acre  each,  were  set  apart  and  treated  as  follows : — 
Plot  1.  Left  unmanured. 

Plot  2.  Sewaged  at  the  rate  of  135^  tons  per  acre. 

Plot  3.  Sewaged  at  the  rate  of  510  tons  per  acre. 

Plot  4.  Top-dressed  with  ]i  cwt.  of  nitrate  of  soda. 
The  applications  of  the  sewage,  and  of  the  nitrate,  were  made 
much  later  in  the  season  than  was  desirable.  The  sewage  was 
applied  from  April  28  to  May  16  inclusive;  the  two  acres  re- 
quiring, with  the  hindrance  of  gauging  by  means  of  a  barrel, 
16  days  for  the  application  by  hose  and  jet  of  the  small  quantities 
fitated.  The  nitrate  of  soda  was  soAvn  broadcast,  partly  on  April 
24,  and  partly  on  May  4. 

For  several  weeks  from  the  time  of  sowing  there  was  very 
little  rain,  so  that  the  plant  top-dressed  with  nitrate  of  soda  was 
obviously  injured  by  the  application  for  some  time,  the  foliage 
being  much  "burnt."  The  sewage,  on  the  other  hand,  being 
applfed  during  dry  weather,  and  the  application  followed  by  a 
very  unusally  dry  period,  during  which  sprmg  corn  and  even 
wheat  crops  were  reputed  over  a  considerable  range  of  country 
to  be  suffering  for  want  of  rain,  produced,  as  might  be  expected, 
very  marked  effects.    Owing,  too,  to  the  small  amount  of  rain. 
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the  sewage  was  of  more  than  the  average  concentration  of  that 
of  Rucrby  and  probably  about  double  the  average  strength  of 
that  of  the  Metropolis  (including^  rain,  &c.)  The  following 
Table  (XX.)  shows  the  results  obtained. 

Table  XX.— Results  of  Experiments  on  the  application  of  Sewage 

to  Oats. 

Rugby  1863. 


Plots. 


Quantities  per  Acre. 


Manui'es. 


Dressed 
Corn. 


Offal 
Corn. 


Straw. 


Increase 
by  Manure. 


Corn. 


Straw, 


Particulars  of  Quality. 


Weight 

per  Offal 
Bushel  Corn 
of       to  100 
dressed|dressed. 
Corn. 


Total 
Corn 
to  100 
Straw. 


TTntnanured 
1355-  tons  sewage 
510  tons  scwase  - 
14  cwt.  Nitrate  of  Soda 


Bush.Pks. 

53  2i 
69  li 
60  21 
51  Oi 


Lbs. 

85 
212 
802 
131 


Cwts. 
424 
53 
61 
45i 


Lbs. 

658 
563 
—11 


Cwts. 

loi 

184 
3 


Lbs. 

ii 
43 
42 
44 


3-5 
7-1 

10-8 
5-5 


53-3 
53-9 
45-4 
49-G 


Thus,  under  the  conditions  of  season  described,  there  was  with 
the  nitrate  of  soda  even  rather  less  corn,  and  only  about  3  cwts. 
more  straw,  than  without  manure,  and  the  smaller  quantity  of 
sewage  gave  more  increase  of  corn  than  the  larger,  though  the 
latter  gave  considerably  the  most  straw.  Both  the  sewaged  crops 
were,  indeed,  too  luxuriant  to  bear  up  against  the  heavy  rains  of 
June,  and  the  one  with  the  largest  amount  of  sewage  was  very 
much  laid,  and  hence  the  deficient  yield  of  corn  in  proportion  to 
straw.  The  last  three  columns  show,  by  the  deficient  weight  per 
bushel  of  the  dressed  corn,  the  large  proportion  of  offal  corn,  and 
the  low  proportion  of  corn  to  straw,  -where  the  largest  quantity 
of  sewage  was  employed,  that  the  defective  result  as  to  corn  in 
its  case  was  due  to  over  rather  than  to  under  luxuriance.  In  fact, 
the  usual  complaint  when  sewage  has  been  applied  to  growing 
corn  crops  has  been  of  over  production  of  straw  and  deficient 
proportion  of  corn  -  that  is  to  say,  of  a  tendency  of  growth 
which  is  as  unfavourable  in  the  case  of  corn  as  it  is  favourable  in 
that  of  grass. 

There  was,  however,  a  very  high  gross  ijioney  return  per  ton 
of  sewage  applied,  at  any  rate  where  the  smaller  quantity  only 
was  employed.  Thus,  reckoning  oats  at  3s.  per  bushel,  and  oat 
straw  at  20s.  per  load,  the  gross  value  of  the  increased  produce 
from  one  ton  of  sewage  was — 

With  1351  tons  of  sewage  per  acre  -  S^d.  per  ton. 
"With  510  tons  of  sewage  per  acre         -    l^d.  per  ton. 

Here,  then,  with  a  small  quantity  of  sewage  of  nearly  double 
the^  average  strength  of  that  of  the  Metropolis,  applied  durin«T  a 
period  of  very  dry  weather,  which  was  followed  by  a  season"  of 
very  unusual  productiveness— the  harvest  of  18G3  being  the  best 
for  many  years  past— the  gross  value  of  the  increased  produce 
amounted  to  more  than  Bd.  per  ton  of  sewage  employed,  or  to 
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nearly  three  times  the  market  value  of  the  constituents  of  the 
sewage  supposing  them  to  have  been  extracted  and  dried. 

The  smaller  amount  of  sewage  applied  was  equivalent  in  water 
to  something  under  an  additional  1^  inch  of  rain  at  the  critical 
period  of  growth  ;  and  the  larger  amount  was  equal  to  about  five 
inches,  which  would  at  that  period  have  been  a  very  great  excess, 
and  of  itself  caused  rank  and  over  luxuriant  growth  on  any  soil 
in  such  condition  as  the  unmanured  produce  showed  the  one  in 
question  to  have  been.  It  is  indeed  difficult  to  say  how  much  of 
actual  result  obtained  was  due  to  the  manurial  constituents,  and 
how  much  to  the  water  of  the  sewage.  At  any  rate,  whether 
considered  with  regard  to  the  amount  of  manurial  constituents 
supplied,  or  the  amount  of  water,  an  average  of  500  tons  of 
sewage  per  acre  to  arable  land  otherwise  treated  in  the  ordinary 
way  would  most  probably  be  found  more  than  appropriate  to  the 
average  of  soils  and  seasons,  and  would  most  certainly  be  more 
than  appropiate  for  heavy  lands  and  for  wet  seasons ;  nor  even  in 
dry  ones,  when  sewage  would  be  worth  a  maximum  value  for 
some  crops  by  virtue  of  its  water,  if  applied  at  the  proper  time, 
would  more  than  this  amount  be  required  the  year  round  ;  though 
it  is  possible  that  the  demand  might  be  as  much  beyond  the  supply 
for  a  short  period,  as  the  supply  would  undoubtedly  be  beyond 
the  demand  for  very  much  the  greater  part  of  the  year  so  far  as 
arable  land  was  concerned. 

XII.  Miscellaneous  Results  obtained  in  1864. 

It  has  been  already  stated  (Section  VII.  p.  45)  that  in  order  to 
ascertain  whether  the  meadow  land  experimented  on  in  1861, 
1862,  and  1863  were  left  in  a  higher  or  in  a  lower  condition  by 
tlie  a})plication  of  sewage,  and  the  removal  of  the  produce  during 
those  three  years,  it  was  decided  that  the  produce  of  each  plot 
should,  in  1864,  be  carefully  weighed,  sampled,  and  analysed, 
without  any  further  application  of  sewage ;  and  also  that  the  soil 
of  the  respective  plots  should  be  so  far  submitted  to  chemical 
examination  as  time  and  other  circumstances  would  allow.  The 
results  of  this  part  of  the  inquiry  will  form  the  subject  of  the 
present  Section. 

Owing  to  the  extraordinary  drought  of  the  season  of  1864,  it 
Avas,  as  will  be  readily  understood,  as  unfavourable  as  it  possibly 
could  be  for  meadow  land  without  either  sewage  or  other  manure. 
Indeed,  from  only  one  plot  was  any  second  cutting  taken,  and 
then  only  a  few  cwts.  of  green  grass  were  obtained.  In  all  other 
cases  the  after-grass  came  forward  so  late  m  the  season  that  it 
was  thought  better  to  feed  it  ofiP  than  to  cut  it. 

The  following  Table  (XXI.)  shows  the  amounts  of  green  grass 
obtained  from  each  plot;  and  some  particulars  of  the  feedmg  of 
the  remainder  of  the  produce  will  be  given  further  on. 


63 


Table  XXI. — Produce  of  Green  Grass  obtained  per  Acre  in  1864, 

without  Sewage. 


Treatment 
iu 

1861, 1862,  and  1863. 

Five-acre  Piold. 

Ten-acre  Field. 

Mean 

Plots. 

Dates 
of  Cutting. 

Quantity. 

Dates 
of  Cutting. 

Quantity. 

of  the  Two 
Fields. 

First  Crop. 

tons, 
cwts. 
qrs. 
lbs. 

tons, 
cwts. 
qrs. 
lbs. 

S     &  S 

1 

2 

8 
4 

TJusewaged 

3,000  tons  sewage  1 

per  acre,  per  ann. } 
6,000  tons  sewage  \ 
.  per  acre,  per  ann.  j 
9,000  tons  sewage ) 

per  aci-e,  per  aim.  J 

June  18—20 
June  4 — 9 

May  24—30 

May  19—23, 

1  14   3  26 

2  17   2  20 

5  12   0  18 

3  9   0  17 

June  16  and  17 
June  8—]  3 

June  1—7 

May  26— June  1 

3   12  0 

5  12  1  15 

7   4   0  9 

6  11   0  11 

2   8   0  27 
4   5   0  3i 

6   8   0  13i 

6   0   0  14 

Second  Crop. 


4 

9,000  tons  sewage] 
per  acre,  per  ann.  J 

Aug.  24 

0  4  3  3 

Small  as  were  the  amounts  of  produce  on  all  the  plots,  it  is 
nevertheless  clear  that  there  was  much  more  growth  where 
sewage  had  been  applied  in  the  preceding  years  than  where  it 
had  not ;  and  there  was  more  where  6,000  than  where  3,000  tons 
had  been  applied,  even  though  the  crop  was  in  the  former  case 
cut  some  days  earlier  at  the  most  active  period  of  growth ;  and 
from  the  indications  there  would  doubtless  have  been  more  still 
where  9,000  tons  had  been  annually  applied,  but  for  the  still 
earlier  dates  of  cutting. 

_  The  evidence  so  far  is,  then,  that  the  land  was  left  in  the 
higher  condition  of  productiveness  the  larger  the  quantities  of 
sewage  applied,  and  of  produce  removed,  in  previous  seasons ;  and 
although  a  second  cutting  was  taken  in  only  one  instance,  and 
when  feeding  off  the  after-grass  the  plots  were  not  separated  so 
f  1  1/  f""^"^^  evidence  on  the  point,  it  may  be  stated  that  in 
both  helds  the  amount  of  feed  was  obviously  much  the  greater  the 
greater  the  quantity  of  sewage  previously  applied.  Indeed,  it  is 
concluded  that  m  each  field  the  plot  4  gave  as  much  after-feed 
as  plots  2  and  3  together. 

In  the  ten-acre  field  the  after-grass  of  the  41  to  5  experimental 
acres  kept  8  heifers  of  about  7^  cwts.  live-weight^eacr  for 
11  days,  from  Nov.  11  to  Nov.  22 ;  104  sheep  of  ^bout  160  lbs 
average  hve-weight  for  14  days,  from  Nov.  10  (morning)  to 

-uec.  7  to  iJec.  14.    The  five-acre  field,  where  the  growth  was 

for%?/    f  ^'Plr''  901bs.  live  weiS 

tor  35  days  from  Nov.  18  to  Dec.  23.  wei^nt, 

from  f'S"'  '  "^""^^  unexhausted  residue 

^^^^^^^ 


Table  XXII.— Comjjosition  of  the  Grass  obtained  in  1864,  without  Sewage. 


First  Crop.  j 

rive-acre  Field. 

Ton-acre  Field.  ! 

1 

2d  Crop. 
Five- 

TJn- 

sewaged. 

Sewaged  iu  1861-2-3. 

TJn- 
sewaged. 

Sewaged  in  1801-2-3. 

acre 
Field. 

Plot  4. 

Plot  1. 

Plot  2. 

Plot  3. 

Plot  4. 

Plot  1. 

Plot  2. 

Plot  3. 

1 

Plot  4.  • 

Per-cent.  in  the  Fresh  Grass. 

Dry  Substance 

34-70 

80-19 

28-12 

20-33 

33-36 

30-84 

23-63 

1 

21-50  i 

55-53 

Per-cent.  in  the  Dry  Suhstance  of  the  Grass. 

^Nitrogenous  substance 
(NX6-3)  - 

10-00 

13-73 

14-91 

16-07 

11-00 

12-95 

15-63 

13-47 

15-85 

Patty   matter  (ether 

extract) 
"Woody  fibre 
Other  non-nitrogenous 

substances 

3-87 
26-64 

51-65 

3-06 
26- G4 

48-39 

3-75 
27-61 

45-33 

4-43 
28-21 

42-20 

3-88 
27-30 

50-95 

4-14 
27-12 

48-17 

5-03 
28-21 

42-52 

4-85 
26-34 

46-12 

5-73 
29-02 

41-81 

Mineral  matter  (ash)  - 

7-75 

7-58 

8-40 

9-09 

6-81 

7-02 

8-61 

8-62 

7-59 

100-00 

100-00 

100-00 

100-00 

100-00 

100-00 

100-00 

100-00 

190-00 

The  first  point  to  remark  is,  that  as  the  proportion  of  dry  or 
solid  substance  was  much  lower  in  the  earlier  cut  and  less  matured 
sewaged  grass  than  in  the  later  cut  unsewaged  grass,  the  dif- 
ference in  the  relative  amount  of  the  produce  per  acre  on  the 
respective  plots  was  in  reality  not  so  great  at  the  actual  dates  of 
cuttino-  as  the  amounts  of  fresh  or  green  grass  recorded  in  the 
Table^would  indicate.  The  lower  per-centages  of  dry  substance 
in  the  sewaged  grass  indicate  indeed  a  less  degree  of  maturity 
or  ripeness  at  the  time  of  cutting ;  and  with  these  characters  a 
bio-her  per-centage  of  nitrogenous  substance  in  the  solid  matter 
of'^the  o-i-ass  would  be  expected.  But  the  differences  in  the  per- 
centao-e^  of  nitrogenous  substance  which  the  Table  shows  are 
o-reater  than  can  be  accounted  for  by  the  earlier  or  later  cutting, 
and  consequent  less  or  greater  degree  of  ripeness. 

The  solid  matter  of  the  unsewaged  produce  of  the  one  field 
contained  10,  and  of  the  other  11  percent,  of  nitrogenous  sub- 
stance; whilst  in  that  of  the  produce  from  the  previously  sewaged 
plots  it  ranged  from  about  13  to  about  16  per  cent.,  and  was, 
with  one  exception,  the  higher  the  greater  the  quantity  of  sewage 

^TttatblS'lown  in  Section  VIIL  that  the  proportion  of 
nitrogenous  substance  in  the  solid  matter  of  the  grass  was  much 
increased  under  the  influence  of  sewage,  and  the  results  heie 
recorded,  taken  together  with  those  i-elat.ng  to  the  amounts  of 
produce  per  acre,  clearly  show  a  considerable  effect  from  the  un- 
exhausted residue  from  the  previous  sewage  manuring  even  m  so 
extremely  unfavourable  a  season;  and  it  would  doubtless  have 
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Veen  much  crrenter  uncler  move  favourable  circumstances,  and  will 
probably  be^manifcst  for  some  time  to  come. 

Althouo-h  the  amount  and  the  composition  of  the  grass  obtained 
in  18G4  have  clearly  shown  the  effect  of  the  previous  sewage 
manurino-,  the  only  partial  investigation  to  which  the  soils  have 
been  submitted  does  not  further  illustrate  the  point.  Calculation 
would,  indeed,  seem  to  indicate  that  there  had  been  considerable 
accumulation,  at  a  greater  or  less  depth  within  the  soil,  of  some 
of  the  most  important  manurial  constituents  of  sewage  where  the 
laro-er  quantities  had  been  applied,  but  it  was  not  thought  de- 
sirable to  incur  either  the  necessary  delay  or  the  increased  expen- 
diture which  a  sufficiently  detailed  investigation  of  the  subject 

Avould  involve.  •  i     ii    •  ^ 

The  results  obtained  are,  however,  of  considerable  interest^  as 
showino-  a  very  great  difference  in  the  character  and  composition 
of  the  "soils  of  the  two  fields,  which  to  a  great  extent  explains 
the  marked  difference  in  the  amount  of  produce  which  they 
respectively  yielded  without  sewage. 

Appendix  Table  XLIII.  p.  196,  shows  the  great  difference  in 
the  general  character,  and  Table  XLIV.  p.  197,  in  the  chemical 
composition  in  some  important  respects,  between  the  two  soils. 

It  will  be  recollected  that  the  unsewaged  portion  of  the  ten-acre 
field  each  year  yielded  much  more  produce  than  that  of  the  five- 
acre  field.  The  former  was  known  to  have  a  heavier  soil,  and  a 
more  sunny  aspect  ;  but  these  differences  were  not  recognised  as 
fully  accounting  for  the  great  difference  in  the  natural  productive- 
ness. The  results  of  the  partial  mechanical  and  chemical  analysis 
show,  however,  that,  within  a  layer  of  9  inches,  taken  immediately 
below  as  thin  a  sod  as  could  be  first  removed,  the  lighter,  gravelly, 
and  naturally  less  productive  soil  of  the  five-acre  field  contained  an 
average  of  nearly  20  per  cent,  of  stones,  whilst  similar  layei's  from 
the  ten-acre  field  did  not  on  the  average  contain  half  as  much. 
Again,  the  separated  fine  mould  from  the  soil  of  the  five-acre  field 
was  sandy,  contained  about  15  per  cent,  of  moistui'e,  between 
5  and  6  per  cent,  of  organic  matter,  and  scarcely  one  fifth  per 
cent,  of  nitrogen,  whilst  that  of  the  more  productive  ten-acre 
field  was  loamy,  containing  a  good  deal  of  clay,  about  one  fourth 
more  moisture,  more  than  one  half  more  organic  matter,  and 
about  one  third  more  ammonia,  or  nitrogen  in  some  other  form. 
Or,  comparing  the  compoaition  of  the  total  fresh  soils,  including 
stones,  instead  of  that  of  the  separated  fine  moulds,  the  differences 
are  in  a  still  greater  degree  in  favour  of  the  soil  of  the  ten-acre 
field,  so  far  as  the  indications  of  natural  fertility  are  concerned. 

It  is,  however,  very  satisfactory  to  know,  that  the  .soil  of  the 
much  less  naturally  fertile  five-acre  field  gave  fully  as  much  pro- 
duce per  acre  under  the  influence  of  liberal  dressings  of  sewage, 
as  that  of  the  naturally  much  more  productive  ten-acre  field. 
This  result  is  quite  confirmatory  of  the  general  opinion,  founded 
on  the  results  of  practical  experience,  that  light,  and  even  natu- 
rally poor  and  unproductive  soils,  are  capable  of  yielding  very 
large  crops  of  grass  under  the  inlluence  of  sewage,  and  that  they 
are,  in  fact,  the  best  suited  for  its  appiicaiion. 
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XIII.  Condudmg  Observations;  general  Considerations  on  the 
Agricultural  Utilisation  of  Town  Sewaqe. 

There  cannot  be  a  doubt  that  to  obtain  a  maximum  amount  and 
gross  value  of  produce  from  a  given  amount  of  sewage  it  should  be 
applied  n\  small  quantities  per  acre,  and  in  dry  weather.  But  it 
IS  clear  that  tlie  maximum  value  per  ton  of  sewage  which  would 
be  obtainable  under  such  conditions  Avould  be  available  only  for 
short  periods  of  the  year;  and,  it  is  equally  certain,  that  the 
constant  daily  supply,  the  year  round,  would,  at  all  other  times, 
have  to  be  disposed  of  at  a  very  different  rate,  thus  reducing  the 
average  value  very  considerably.  It  is  obvious,  indeed,  that  even 
supposing  sewage  were  distributed  over  a  sufficiently  large  area 
to  command  its  full  value,  both  as  manure  and  as  water,  at  the 
best  periods  of  the  year,  the  much  larger  remainder  must  either 
be  sacrificed,  or  at  the  best  used  for  grass  at  periods  when  its 
value  even  for  that  crop  must  be  very  much  reduced. 

Even  assuming  that  during  any  considerable  portions  of  each 
year  the  Metropolitan  sewage  would  be  worth  to  the  former  M. 
per  ton  distributed  over  his  arable  land,  there  can  still  be  no 
doubt  that  the  average  value  the  year  round  would  be  reduced  to 
considerably  below  \d.  by  the  nse  of  the  remainder  in  large  quan- 
tities to  grass  at  the  less  favourable  periods  of  the  season. 

Adopting  the  favourable  supposition  that  as  high  an  average  as 
500  tons  of  sewage  per  acre  could  be  utilised  on  arable  land,  and 
that  as  low  an  average  as  5,000  tons  per  acre  were  found  sufficient 
for  Italian  rye  and  meadow  grass,  the  important  practical  ques- 
tions ai'ise — would  the  increased  productiveness,  and  increased 
gross  money  return  per  ton,  in  tlie  former  case,  justify  the  extra 
cost  of  distribution  over  a  ten-fold  area,  and  to  a  great  extent  by 
pipes  and  hose  and  jet  instead  of  by  open  runs? — or,  having 
regard,  not  to  the  greatest  amount  of  produce  and  of  gross  money 
return,  but  to  the  greatest  profit,  per  ton  of  sewage,  would  it  not 
be  far  more  remunerative  to  limit  the  area,  and  cost  of  distribution, 
at  a  certain  sacrifice  of  the  productiveness  of  the  sewage? 

The  probability  is,  however,  that  the  difference  of  area  required 
under  the  two  systems  would  be  greater  than  that  here  assumed 
for  the  purpose  of  illustration ;  and  then,  of  course,  the  difference 
in  the  cost  of  distribution  of  a  given  amount  of  sewage  would  be 
still  further  increased.  In  fact,  to  utilise  the  constituents  of  the 
Metropolitan  sewage  over  an  area  at  all  corresponding  to  the  rate 
per  acre  of  the  smaller  and  more  productive  application  to  oats  at 
Rugby,  it  would  require  more  nearly  a  twenty-fold  than  a  ten-fold 
area  as  compared  with  that  of  such  an  application  to  grass  land  as 
above  supposed. 

The  great  dilution  of  the  Metropolitan  sewage,  indeed  of  town 
sewage  generally,  its  large  daily  supply  at  all  seasons,  and  its 
greater  amount  in  wet  weather  when  the  land  can  least  bear,  or 
feast  requires,  more  Avater,  render  it  extremely  inappropriate  for 
ajiplication  on  a  comprehensive  scale  to  arable  land  for  the  growth 
of  corn  and  other  ordinary  rotation  crops.  But,  apart  from  these 
difficulties,  if  it  can  only  be  distributed  in  small  quantities  over 
large  areas  at  such  a  cost  to  the  farmer  as  has  as  yet  been  pro- 
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posed  it  is  indeed  vain  to  hope  that  any  large  proportion  of  the 
manurlal  constituents  derived  from  the  consumption  of  human 
food  in  our  towns,  can  be  distributed  over  the  area  from  whicli 

A  raodmed  proposition  is,  to  make  arrangements  for  deUverlng 
the  sewacre  over  a  large  area,  and  to  all  crops,  so  as  to  obtain  a 
hicrh  price  per  ton  for  so  much  as  can  be  applied  under  the  most 
favourable  conditions  of  the  land,  the  crop,  and  the  season,  having 
in  reserve  a  sufficient  tract  of  grass  land  to  purify  and  utilise  the 
surplus  not  so  available.  But  this  surplus  would  be  very  large, 
and  the  largest  at  those  periods  of  the  year  when  of  the  least  value 
even  for  grass  land,  so  that  the  gross  value  per  ton  of  sewage  the 
year  round  would  be  very  much  reduced.  ^ 

Having  regard  to  the  cost  of  distribution,  it  as  probable  that  a 
much  more  profitable  mode  of  utilisation  would  be,  to  limit  the 
area  by  specially  adapting  the  arrangements  for  the  application  of 
at  any  rate  the  greater  part,  if  not  the  whole,  to  permanent  or 
other  grasses,  laid  down  to  take  it  the  year  round,  trusting  to  the 
occasional  use  to  other  crops  within  easy  reach  of  the  area  so 
commanded,  but  relying  mainly  on  the  periodically  broken  up 
rye-grass  land,  and  on  the  application  to  arable  land  of  the  solid 
manure  resulting  from  the  consumption  of  the  sewaged  grass, 
for  obtaining  other  produce  than  milk  and  meat  by  means  of 
sewage. 

The  question  arises — ^how  much  land  would  be  requisite  for 
the  purification  and  utilisation  of  the  sewage  of  a  given  population 
on  such  a  plan  ? 

Putting  out  of  view,  for  the  moment,  the  sanitary  consideration 
of  the  sufficient  purification  of  the  sewage,  and  the  economical 
one  of  the  manurlal  value  of  its  constituents,  and  looking  merely 
to  obtaining  the  largest  possible  amount  of  green  produce  from  a 
given  area  of  land,  there  is  scarcely  any  limit  to  the  amount  of 
sewage  that  might  be  employed,  even  up  to  40,000  or  50,000  tons 
per  acre  per  annum.  But,  so  far  as  existing  experience  furnishes 
data  for  a  judgment  on  the  point,  it  may  be  concluded  that  the 
use  of  about  5,000  tons  per  acre,  judiciously  applied  to  grass  land 
properly  laid  doWn  to  receive  it,  would,  in  a  great  majority  of 
cases,  secure  the  most  profitable  utilisation.  Where,  however,  the 
drainage  from  the  sewaged  land  must  be  turned  into  a  river,  other 
considerations  than  those  relating  only  to  the  most  profitable 
utilisation  at  once  arise.  Such  an  application  as  is  here  supposed, 
would  doubtless  ensure  a  sufficient  purification  of  the  water  to 
admit  of  its  being  turned  into  rivers  without  fear  of  detriment 
to  fish ;  whilst,  any  streams  receiving  such  drainage  instead  of 
that  direct  from  the  towns  would,  at  any  rate,  be  vastly  improved 
from  their  previous  condition  as  a  water  supply  for  other  towns  ; 
but,  whether  or  not,  when  this  most  important  point  has  to 
be  taken  into  consideration,  the  purification  would  be  sufficient 
with  an  application  of  as  much  as  5,000  tons  per  acre  per  annum, 
IS  a  question  which  requires  the  aid  of  further  experience,  and 
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further  investigation,  to  answer  satisfactorily,  and  whicli  may, 
indeed,  receive  a  different  answer  in  different  cases. 

Assuming  that  the  excretal  matters  of  eacli  individual  of  the 
Metropolitan  area  are,  or  will  be,  on  the  average,  diluted  with  100 
tons  of  water  per  annum,  including  water  supply,  rainfall,  and 
subsoil  water,  5,000  tons  of  sewage  Avould  be  contributed  by 
fifty  individuals  in  a  year,  and  at  this  rate,  a  population  of 
3,000,000  Avould  require,  for  the  purification  and  utilisation  of  its 
sewage,  an  area  of  about  60,000  acres  annually  under  irrigation. 
So  far  as  Italian  rye  grass  Avere  grown,  it  might  be  estimated  that 
the  land  devoted  to  it  would  one  year  in  three  be  broken  up,  and 
some  other  crop  be  grown  upon  it,  and  to  a  corresponding  extent 
the  area  laid  down  for  irrigation  would  require  to  be  extended 
beyond  the  60,000  acres  supposed.  Then  again,  it  is  obvious  that 
the  manure  produced  by  the  consumption  of  the  se waged  grass 
must  either  be  re-distributed  by  means  of  water,  in  which  case 
the  area  under  actual  irrigation  would  be  again  increased,  or,  if 
collected  and  used  in  the  solid  form,  it  would  be  appropriate  for 
application  to  arable  land,  and  so  to  the  growth  of  corn  and  other 
products ;  and  it  is  obvious  that  for  the  most  profitable  utilisation 
in  this  way  of  the  manure  derived  from  the  consumption  of  the 
■sewaged  grass,  such  arable  land  would  require  to  be  either  within 
ihe  area  laid  down  for  irrigation,  or  so  near  its  limits  as  to  reduce 
the  cost  of  carriage  as  far  as  possible. 

The  experiment  with  oats  above  referred  to,  and  that  with 
-wheat  made  by  the  Chairman  of  the  Commission,  the  Earl  of 
Essex,  the  results  of  whicli  his  lordship  gave  in  his  evidence  before 
the  Sewage  Committee  of  1862,  are  the  only  cases  in  which  exact 
quantitative  results  have  been  recorded  of  the  effects  of  sewage 
.  applied  to  corn  crops. 

In  the  case  of  the  experiment  of  the  Earl  of  Essex,  nothing  is 
known  of  the  strength  of  the  sewage,  and  nothing  is  recorded  of 
the  characters  of  the  season. 

In  the  case  of  those  with  oats  at  Rugby,  as  already  observed, 
the  sewage  was  stronger  than  the  average  of  that  of  Rugby, 
and  much  stronger  than  the  average  of  that  of  the  Metropolis, 
the  weather  was  unusually  dry  at  the  time  of  the  application,  and 
the  season  was  upon  the  whole  one  of  very  extraordinary  produc- 
tiveness, and,  under  these  conditions,  a  very  high  gross  return  was 
obtained  for  a  given  amount  of  sewage.  Judging  from  the  results 
of  the  Earl  of  Essex,  it  is  probable  that  the  circumstances,  both  as 
to  the  strength  of  the  sewage  and  character  of  the  season,  were  in 
his  case  also  unusally  favourable. 

At  any  rate,  these  isolated  results,  the  one  obtained  under 
conditions  known  to  be  far  above  an  average  character,  and  the 
other  under  entirely  unknown  conditions,  are  obviously  quite 
inappropriate  as  the  basis  for  general  conclusions  as_  to  the 
probable  average  results  obtainable  on  the  application  of  sewage 
to  arable  land  for  corn  and  other  rotation  crops. 
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It  is  indeed  desirable  that  systematic  trials  should  be  made 
^vith  different  corn  and  other  rotation  crops,  through  several  con- 
secutive seasons,  and  that  the  results  should  be  accurately  recorded 
for  the  guidance  of  the  public. 

Althouo-li  there  is  still  wanting  evidence  of  an  exact  and  quan- 
titative kind  upon  which  to  found  estimates  of  the  probable  average 
results  obtainable  over  various  seasons,  on  the  application  ot  given 
quantities  of  sewage,  of  known  strength,  to  corn  and  other  rotation 
crops,  yet  evidence  of  common  experience  as  to  the  applicaoility, 
in  a  practical  or  economical  point  of  view,  of  sewage  to  such  crops, 
is  by  no  means  wanting.  The  most  extensive  and  systematic 
trials  have  been  made  at  Kugby,  Watford,  and  Alnwick. 

At  Rufiby,  the  sewage  from  a  population  of  between  6,000  and 
7,000  individuals  is  collected  in  a  receiving  tank,  from  which  it  is 
pumped  by  a  12-horse  power  engine  through  iron  pipes  which  are 
laid  down  for  the  distribution  over  470  acres  of  mixed  grass  and 
arable  land.  These  arrangements  have  been  in  existence  for 
about  11  years.  About  190  acres  of  the  land  so  piped  have,  from 
the  commencement,  been  held  by  J.  A.  Campbell,  Esquire.  But 
he  has  gradually  limited  the  area  of  application,  until,  during  the 
last  few  years,  he  has  abandoned  the  use  of  the  hose  and  jet, 
excepting  occasionally  on  a  small  scale,  and  confined  the  applica- 
tion almost  exclusively  to  from  12  to  20  acres  of  meadow  and 
Italian  rye  grass.  The  greater  part  of  the  remainder  of  the  470 
acres  was,  for  some  time  previous  to  1861,  held  by  Mr,  Berry 
Congreve,  who,  after  trying  sewage  on  arable  as  well  as  grass  land, 
was  glad  to  give  up  his  holding,  after  having  sustained  considerable 
loss.  The  present  tenant  of  the  sewage  works,  and  of  tlie  land 
formerly  held  by  Mr.  Congreve,  is  Mr.  Bicknell  Mullins,  who 
entered  into  the  occupation  in  1861,  and  altliough  he  had  between 
250  and  300  acres  laid  down  for  the  application  of  sewage  to 
crops  generally,  and  by  hose  and  jet,  he  in  practice  confines  it  to 
about  100  acres  of  grass  land,  and  applies  it  almost  entirely  by 
open  runs.* 

The  result  at  Eugby  is,  then,  that  after  about  eleven  years  of 
practical  experience,  with  arrangements  adapted  for  the  application 
of  sewage  to  arable  land,  and  to  all  crops,  its  use  to  any  other 
crops  than  meadow  and  Italian  rye  grass  forms  no  part  of  the 
general  system  adopted,  and  is,  in  fact,  entirely  exceptional. 

In  the  neighbourhood  of  Watford,  the  Earl  of  Essex  laid  down 
pipes  for  the  application  of  the  sewage  of  the  town  by  hose  and 
jet  to  about  210  acres  of  mixed  arable  and  grass  laud.  The 
result  which  his  lordship  obtained  on  the  application  of  only  134. 
tons  of  sewage  to  an  acre  of  wheat  has  frequently  been  held  to 
be  conclusive  proof  of  its  applicability  in  small  quantities,  over 
large  areas,  and  to  all  crops.  But,  in  the  evidence  given  by  his 
lordship  before  the  Sewage  Committee  of  1862,  he  "stated,  very 


*  Since  the  above  was  in  type  Mr.  Mullins  has  informed  us  that  during  the  dry 
season  of  1864  he  applied  sewage  to  about  fonr  acres  of  roots,  and  anporentlv  with 
good  results.  n  j 


emphatically,  that  his  great  error  had  been  the  piping  of  too 
much  land ;  that  the  sewage  of  Watford,  derived  from  a  popu- 
lation of  about  4,000,  was  not  sufficient  for  more  than  about  60 
or  70  acres;  that  he  required  5,000  tons  per  acre  for  10  acres  of 
rye-grass  ;  and  that  applying  the  remainder  to  35  acres  of  meadow, 
he  really  hud  none  to  spare  for  wheat.  It  should  be  added,  that, 
since  the  date  of  this  evidence,  the  area  of  application  has  been 
still  further  contracted. 

In  other  words,  the  result  at  AVatford  is,  that  although  the 
abandonment  of  one  acre  of  rye-grass  would  set  free  sewage 
enough  for  nearly  40  acres  of  wheat,  if  only  applied  at  the  rate 
which  yielded  the  large  profit  which  has  been  so  frequently 
quoted,  yet  his  lordship's  practical  experience  has  led  him  to 
prefer  the  application  to  the  one  acre  of  rye-grass,  rather  than  to 
the  nearly  40  acres  of  wheat. 

In  the  neighbourhood  of  Alnwick,  the  Duke  of  Northumberland, 
some  years  ago,  put  down  machinery  and  piping  for  the  distribu- 
tion of  the  sewage  of  from  6,000  to  7,000  individuals,  over  about 
270  acres  of  mixed  arable  and  grass  land.  It  was  applied  in  small 
quantities  to  various  rotation  crops,  and  in  larger  quantities  to 
grass ;  but  after  a  very  short  time  the  tenants  who  had  the  free 
use  of  the  sewage  for  the  cost  of  its  application,  entirely  abandoned 
it;  and  the  Bailiff  of  the  district,  who  reports  the  fiiilure,  expresses 
his  opinion  strongly  against  the  applicability  of  sewage  to  arable 
land.  The  failure  at  Alnwick  has  been  attributed  by  those 
connected  with  the  undertaking,  to  the  great  dilution  of  the 
sewage ;  and  the  analyses  recorded  of  it  would  indicate  a  compo- 
sition even  much  below  that  of  the  probable  average  of  the 
Metropolitan  sewage.  But  Mr.  Rawlinson,  who  directed  the 
sewerage  arrangements  at  Alnwick,  states,  that  not  only  are 
water-closets  universal,  but  that  the  supply  of  water  from  all 
sources  is  certainly  very  much  lower  per  head  of  the  population 
contributing  to  the  seAvage  there  than  in  the  case  of  the  Metro- 
polis ;  and  it  is  obvious  that,  if  this  be  the  case,  the  average 
sewage  must  be  in  a  corresponding  degree  the  stronger. 

At  Edinburgh  sewage  has  been  applied  to  some  j^ortions  of 
grass  land  for  about  200  years,  to  a  considerable  portion  for  more 
than  60,  and  to  most  of  the  land  now  under  irrigation,  amounting 
to  about  395  acres,  for  more  than  30  years.  It  is  there  that 
larger  amounts  of  sewage  are  applied  per  acre  than  anywhere 
else,  and  it  is  there  that  larger  amounts  of  produce  are  obtained 
per  acre  than  anywhere  else.  There  is,  however,  no  doubt, 
that  at  Edinburgh  there  is  not  only  great  waste  of  manurial 
constituents,  but  very  imperfect  purification  of  the  sewage.  The 
distribution  is  entirely  by  means  of  open  runs.  In  two  instances 
arrangements  have  been  made  for  raising  the  sewage,  by  pumping, 
an  inconsiderable  number  of  feet;  but  it  has  been  foiind  that 
the  cost  has  been  too  great  to  allow  a  sufficient  quantity  to  be 
applied  per  acre,  and  hence  the  application  in  this  way  has  been 
much  limited,  if  not  ou  some  portions  of  the  land  entirely  aban- 
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doneil  The  application  to  ordinary  rotation  crops,  on  arable  land, 
forms  no  part  of  the  system  adopted  at  Edinburgh* 

Next  to  Edinburgh,  the  attempt  to  utilize  sewage  on  a  large 
scale  which  has  been  the  most  succesful  so  far  as  the  amount  of 
produce  obtained  per  acre  is  concerned,  is  that  of  Mr.  Marriage 
in  the  neighbourhood  of  Croydon,  where  about  250  acres  of 
meadow  and  Italian  rye  grass  annually  receive  an  amount  ot 
sewao-e  which  averages  rather  more  than  6,000  tons,  and  represents 
the  excretal  matters  of  between  60  and  70  persons  per  acre  per 
annum.  As,  however,  the  fluid  is  always  passed  over  several 
portions  of  land  in  succession,  by  which  means  a  considerable 
portion  is  tised  on  an  average  about  2^  times  over,  it  results  that 
each  acre  receives  annually  6,000  x  2  '  5  =  1,5000  tons  of  fluid— 
less  the  amount  which  evaporates  or  passes  off  below  the  drains 
Avhich  collect  and  carry  it  off"  from  one  portion  to  be  utilised  on 
another.  An  enlargement  of  the  area  is,  indeed,  contemplated, 
which,  notwithstanding  the  rapid  increase  of  the  population  of 
the  neighbourhood,  will,  if  carried  out  as  proposed,  sbmewhat 
reduce  the  amount  of  fluid  and  of  excretal  matters  available  per 
acre  below  the  quantities  above  stated.  Mr.  Marriage  has  not  yet 
applied  sewage  in  any  systematic  manner  to  arable  land ;  but  he 
Avas  intending  to  try  its  effects  upon  root-crops  during  the  past 
season  (1864).  f 

In  attempting  to  estimate  by  the  aid  of  the  evidence  afforded 
by  these  various  trials  on  a  large  scale,  carried  out  by  practical 
men  with  a  vIcav  to  profit,  the  value  to  the  farmer  of  a  ton  of  town 
sewage,  Ave  may,  on  account  of  the  conditions  above  stated,  exclude 
the  Edinburgh  results  from  our  consideration. 

At  Croydon,  again,  the  undertaking  is  of  too  recent  establish- 
ment, the  results  have  been  obtained  over  too  few  seasons,  and  the 
present  contract  Avas  made,  on  either  side,  under  such  disadvan- 
tages or  uncertainty,  that  the  experience  there  does  not  provide 
the  adequate  data  for  such  an  estimate.  It  may  be  observed, 
however,  that  after  deducting  £4:  rental  from  the  estimated  gross 
value  of  the  produce  per  acre  at  present  prices,  the  gross  return, 
is,  so  far  as  can  be  calculated,  with  Italian  rye  grass  from  f<f.  to 
\d.,  and  with  meadow  grass  from  ^d.  to  |(/.  for  each  ton  of  sewage 
employed.  But  there  can  be  little  doubt,  that  if  the  supply  of 
such  produce  Avere  very  greatly  increased,  the  present  market 
price  Avould  not  be  maintained. 

At  Rugby,  where  for  about  eleven  years  arrangements  have 
been  made  for  the  distribution  of  small  quantities  of  sewage  over 
a  large  area,  and  to  all  crops,  and  where  the  seAvage  is  much 
stronger  than  that  of  the  Metropolis,  the  cost  to  the  tenants 
averages  about  |c?.  per  ton  delivered  at  the  hydrants  in  the 
fields.  Yet,  both  the  present  tenants  have  been  glad,  rather  than 
incur  the  loss  of  using  the  scAvage  themselves  at  that  cost,  to  get 
rid  of  it  for  the  purposes  of  these  experiments,  at  rates  which, 


*  For  further  particulars  relating  to  the  Edinburgh  sewage  meadows  see  Ad 
pendix  No.  2.  p.  198,  et  seq.  '  ^' 

t  For  further  details  relating  to  Croydon,  see  Appendix  No.  3.  p.  202,  et  seq. 
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though  three  times  as  high  during  tlie  six  summer  as  during  the 
SIX  winter  months,  have  averaged  the  year  round  scarcely,  but 
Tery  nearly.  Id.  per  ton  at  the  hydrants. 

Lastly  on  this  point,  in  his  evidence  before  the  Sewage  Com- 
mittee of  1862,  the  Earl  of  Essex  stated,  as  the  result  of  his  ex- 
perience, ^Yhicll  it  v^^ill  be  remembered  included  the  very  favour- 
able result  with  wheat,  that  in  his  opinion  sewage  would  not  be 
profitable  to  the  farmer  unless  he  could  have  it  at  from  ^d.  to  ^d. 
per  ton. 

The  experiments  at  Rugby  to  which  this  Report  refers,  having 
been  conducted  on  feeding  meadow  land  of  more  than  average 
quality,  the  produce  without  sewage  was  doubtless  considerably 
more  than  would  be  obtained  from  the  average  of  such  land  as 
is  likely  to  be  devoted  to  the  growth  of  grass  by  means  of  sewage 
on  the  large  scale.  For  this  reason,  and  also  on  account  of  the 
less  perfect  purification  and  utilisation  of  the  sewage  than  would 
be  attained  where  a  large  tract  were  so  laid  down  as  to  allow  of 
the  passage  of  the  fluid  from  one  plot  over  a  second,  and  so  on, 
until  it  were  properly  exhausted,  the  amounts,  and  value,  of  the 
increase  estimated  according  to  the  actual  results  of  the  experi- 
ments as  due  to  the  application  of  given  quantities  of  sewage,  are 
probably  below  those  which  would  be  attainable  under  good 
management  in  actual  practice  on  the  large  scale. 

Reviewing  the  whole  of  the  results,  both  of  the  experiments 
and  of  the  experience  of  common  practice  on  the  subject  hitherto, 
with  due  regard  to  the  circumstances  under  which  they  were  ob- 
tained, and  having  regard  also  to  both  urban  and  rural  interests, 
it  is  considered  that  an  application  of  about  5,000  tons  of  sewage 
per  acre  per  annum,  to  meadow  or  Italian  rye  grass,  will,  in  a 
great  majority  of  cases,  prove  to  be  the  most  profitable  mode  of 
utilisation.  It  is  at  the  same  time  considered  pretty  certain  that 
the  farmer  would  not  pay  ffZ.,  and  even  very  doubtful  whether  he 
could  aflford  to  pay  ^d.  per  ton,  the  year  round,  for  sewage  of  the 
average  strength  of  that  of  the  Metropolis  (excluding  storm  water) 


delivered  on  his  land 


Summary. 

The  results  of  the  whole  inquiry  may  be  briefly  enumerated  as 
follows: — 

1.  As  there  is  a  daily  supply  of  sewage  the  year  round,  which, 
on  sanitary  and  engineering  grounds,  it  is  essential  to  dispose  of  as 
soon  as  it  is  produced,  and  as  passing  it  over  land  is  the  best 
mode  both  of  purifying  and  utilising  it,  it  should  be  employed 
for  purposes  of  irrigation,  and  be  applied  in  winter,  when  of 
comparatively  little  value,  as  well  as  in  summer,  when  of  more. 

Besttlts  obtained  on  the  Application  of  Sewage  to  Meadow  and 

Italian  Rye  Grass. 

2  Bv  the  application  of  sewage  to  grass  land  during  the  winter 
months  a  very  early  cut  or  bite  of  green  food  may  be  oDtained, 
but  the  amount  of  increased  produce  due  to  the  wmter  applica- 
tion is  comparatively  small  for  the  amount  of  sewage  employed. 
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3.  By  means  of  sewage  irrigation  the  period  during  which  an 
abundance  of  green  food  was  available  was  extended  considerably 
a  the  end  as  well  as  at  the  beginning  of  the  season,  and  the  mci*e 
so  the  larger  the  quantity  of  sewage  applied,  almost  up  to  the 
highest  amount  employed — namely,  9,000  tons  per  acre. 

4.  One  of  the  experimental  fields  gave  much  less  produce  per 
acre  without  sewage  than  the  other,  and  analysis  showed  its  soil  to 
be  much  less  naturally  fertile ;  but  it  gave  fully  as  mucb  produce 
per  acre  under  the  influence  of  liberal  dressings  of  sewage  as  the 
naturally  much  more  fertile  soil. 

5.  Taking  the  average  over  three  years,  and  in  the  two  fields, 
the  amount  of  produce  obtained  without  sewage  was  about  9^  tons, 
of  green  grass  per  acre  per  annum,  equal  about  3  tons  of  hay ; 
and  with  3,000,  6,000,  and  9,000  tons  of  sewage  per  acre  per 
annum  the  amounts  were,  respectively,  about  22^,  30^,  and  32^ 
tons  of  green  grass — equal  respectively  (reckoned  according  to  the 
percentage  of  dry  substance  in  each)  about  5,  5f,  and  6^  tons  of 
hay. 

6.  The  largest  quantities  of  produce  per  acre  wei-e  obtained 
in  the  third  year  of  the  experiments,  and  with  9,000  tons  of 
sewage  per  acre  per  annum ;  namely,  in  one  field  35  tons,  and  in 
the  other  37  tons  of  green  grass,  equal  respectively  about  6  tons 
]  2|  cwts.,  and  7  tons  1  cwt.,  of  hay. 

7.  The  average  increase  obtained  for  each  1,000  tons  of  sewao-e 
was — when  3,000  tons  per  acre  per  annum  were  applied,  about 
5  tons  of  green  grass;  when  6,000  tons  were  applied,  4  tons 
2icwts. ;  and  when  9,000  tons  were  applied,  3  tons  3^  cwts.  of 
green  grass. 

8.  The  amount  of  produce  per  acre  was  the  greater  the  o-reater 
the  quantity  of  sewage  applied,  up  to  9,000  tons  per  acre;  but 
the  amount  of  mcrease  of  produce  obtained  for  a  given  amount  of 
sewage  was  the  less  where  the  greater  amounts  were  applied. 

9.  Experiments  with  rye  grass  were  made  in  one  season  only 
sewage  was  not  applied  until  the  end  of  April,  and  comparatively 
small  quantities  were  put  on.  The  results  so  obtained  indicated 
much  about  tlie  same  amount  of  increase  of  produce  for  a  o-ivon 
amount  of  sewage  as  with  meadow  grass.  ° 

Results  obtained  toith  fattening  Oxen. 

10.  When  cut  and  given  to  fattening  oxen  tied  up  under  cover 
more  sewaged  than  unsewaged  grass,  reckoned  in  the  fresh  or 
green  state,  was  both  consumed  by  a  given  weight  of  animal  within 
a  given  time  and  requued  to  produce  a  given  weight  of  increase 
but,  of  real  dry  or  solid  substance,  less%f  that  1)f  fhe  sewa  'ed 

n  ""'^^'^g^^  g'-^^^  was  required  to  produce  a  given  Sect 
11  When  cut  grass  was  given  alone  the  result  wis  very  un- 
satisfactory;  but  when  oilcake  was  given  in  addition  the  amount 
of  mcrease  upon  a  given  weight  of  animal  within  a  given  time 
and  for  a  given  amount  of  dry  substance  of  food  consumed  wa, 
no  far  short  of  the  average  result  obtained  when  oxen  are  I'd 
under  cover  on  a  good  mixed  diet.  ^® 
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^  12.  The  money  return,  whether  reckoned  per  acre  or  for  a 
given  amount  of  sewage,  was  much  less  with  fattening  oxen  than 
with  milking  cows. 

Results  obtained  with  milking  Cows. 

13.  When  cows  were  fed  on  unsewaged,  or  se waged  grass,  as 
much  as  they  chose  to  eat,  a  given  weight  of  the  animal  was  more 
productive,  both  of  milk  and  increase,  but  especially  of  milk,  on 
the  unsewaged  than  on  the  sewaged  grass. 

14.  From  a  given  weight  of  unsewaged  grass,  reckoned  in  the 
fresh  or  green  state,  more  milk  was  produced  than  from  an  equal 
weight  of  fresh  sewaged  grass  ;  but  a  given  weight  of  the  dry  or 
solid  substance  supplied  in  sewaged  grass  was  on  the  average 
more  productive  than  an  equal  weight  supplied  in  unsewaged 
o-rass. 

15.  The  milk  producing  quality  of  the  grass  was  very  diiFereut 
in  different  seasons,  and  at  different  periods  of  the  same  season.  It 
was  very  inferior  in  the  wet  and  cold  season  of  1862,  and  towards 
the  close  of  the  seasons  as  compared  with  the  earlier  periods.  It 
appears  probable  that  Italian  rye  grass  deteriorates  less  towards 
the  end  of  a  season  than  meadow  grass.  On  the  average,  about 
six  parts  by  weight  of  fresh  grass  yielded  one  part  by  weight  of 
milk. 

16.  By  the  aid  of  sewage,  the  time  that  an  acre  would  keep  a 
cow,  and  the  amount  of  milk  yielded  from  the  produce  of  an  acre, 
were  increased  between  three  and  four-fold. 

17.  So  far  as  the  results  of  the  experiments  afford  the  means  of 
judging,  it  is  estimated  that  with  an  application  of  about  5,000  tons 
of  sewage  per  acre  per  annum  to  meadow  land,  an  average  gross 
produce  of  not  less  than  1,000  gallons  of  milk  per  acre  per  annum 
may  be  expected. 

18.  In  experiments  conducted  with  Italian  rye  grass  (but  in 
one  season  only),  more  milk  was  obtained  by  the  use  of  a  given 
amount  of  sewage  applied  to  it  than  to  meadow  grass. 

19.  With  an  application  of  about  5,000  tons  of  sewage  per  acre 
per  annum,  an  average  gross  return  of  from  30Z.  to  35/.  per  acre, 
in  milk  at  8d  per  gallon,  may  be  anticipated. 

Composition  of  the  Rughy  Sewage. 

20.  The  mean  of  93  analyses,  of  as  many  samples,  of  the 
Eucrby  sewage,  collected  over  a  period  of  31  months,  shows  6^ 
grams  of  ammonia,  and  87^  grains  of  total  solid  matter,  per 
gallon ;  equal  to  207|  lbs.  of  ammonia,  and  2,803  lbs.  of  total 
solid  matter  per  1,000  tons.  Or,  taking  the  mean  of  the  average 
composition  fixed  by  the  analyses  for  each  of  the  31  months, 
insteiid  of  the  direct  mean  of  the  total  93  analyses,  the  average 
contents  would  be  almost  exactly  7  grains  of  ammonia  and 
92A  -rains  of  total  solid  matter  per  gallon;  equal  to  224  lbs.  or 
2  cwts.  of  ammonia,  and  2,960  lbs.,  or  about  26^  cwts.  of  total 
solid  matter,  per  1,000  tons. 
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21.  Altboiioh  each  sample  analysed  was  the  mixture  of 
portions  taken^'every  two  or  three  hours  for  several  days  together, 
the  variation  in  composition  at  different  times  was  very  great ; 
the  amount  of  ammonia  varying  in  the  different  mixed  samples 
from  2*  to  about  15|  grains  per  gallon,  or  from  81^  to  600^  lbs. 
per  1,000  tons,  whilst  the  total  solid  matter  varied  from  about 
37J  to  about  270  grains  per  gallon,  or  from  1,203  to  8,637  lbs. 
per  1,000  tons. 

22,  1,000  tons  of  the  average  sewage  of  Rugby  represent  the 
excretal  and  other  matters  of  from  17  to  18  average  individuals 
of  a  mixed  population  of  both  sexes  and  all  ages  for  a  year,  and 
contain  ammonia  equal  to  that  in  from  11  to  12  cwts.  of  Peruvian 
guano;  or,  about  1,700  tons  of  such  sewage  would  contain 
nitrogen  reckoned  as  ammonia  equal  to  that  in  1  ton  of  Peruvian 
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23.  It  is  estimated  that  there  are  at  Rugby,  including  rainfall, 
&c.,  on  the  average  from  55  to  60  tons  of  sewage  per  head  of  the 
population  per  annum. 

24.  Judging  from  the  average  composition  of  the  Rugby 
sewage,  and  of  various  crops,  it  is  concluded  that  potass  would 
be  more  likely  than  phosphoric  acid  to  become  deficient  where 
town  sewage  was  applied  constantly  to  grass-land,  whilst  phos- 
phoric acid  would  be  more  likely  to  become  deficient  than  potass 
if  it  were  applied  to  the  ordinary  crops  of  rotation. 

JEstimatecl  average  Composition  of  the  Metropolitan  Sewage. 

25.  There  is  as  yet  no  record  of  the  analysis  of  any  samples  or 
sample  of  sewage  collected  under  circumstances  fairly  to  represent 
the  average  Metropolitan  sewage  either  with  or  without  rainfall 
and  subsoil  water. 

26.  It  is  estimated  that  the  Metropolitan  sewage  amounts  on 
the  average  to  about  60  tons  without,  and  probably  to  about 
100  tons  with,  rainfall  and  subsoil  water,  per  head  of  the  popula- 
tion per  annum. 

27.  It  is  estimated  that,  including  human  excretal  and  other 
matters,  there  are  annu,ally  contributed  to  the  Metropolitan  sewao-e 
about  12^  lbs.  of  ammonia  per  head  of  the  mixed  population  of 
both  sexes  and  all  ages. 

28.  Reckoned  according  to  the  currently  adopted  trade  prices 
of  the  several  constituents,  taking  dry  and  portable  manures  as 
the  standard,  the  total  annual  value  of  the  manurial  constituents 
contributed  to  the  sewage,  supposing  them  to  be  extracted  and 
dried,  would  amount  to  8s.  4c?.  per  head  of  the  population. 

29.  Accordingly,  in  the  dry  weather  sewage  of  the  Metropolis 
reckoned  at  60  tons  per  head  per  annum,  there  will  be  about 
62  grams  of  ammonia  per  gallon,  and  the  manurial  constituents 
in  1  ton,  ]f  extracted  and  dried,  would  be  worth  about  •  and 
in  the  average  sewage  with  rainfall,  &c.,  reckoned  at  100  tons  per 
hea.d  per  annum,  there  will  be  scarcely  4  grains  of  ammonia  per 
gallon,  and  the  total  manurial  constituents  in  1  ton  will  havP  nr. 
estimated  value  of  Iff.  wiu  nave  an 
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30.  1,000  tons  of  the  average  Metropolitan  sewage  without 
rainfall,  rcckonecl  at  60  tons  per  head  per  annum,  represent  the 
excretal  and  collateral  manurial  matters  from  nearly  17  average 
individuals,  and  contain  ammonia  equal  to  that  in  about  11  cwts. 
Peruvian  guano  ;  and  1,000  tons  with  rainfall,  reckoned  at 
100  tons  per  head  per  annum,  represent  the  manurial  matters 
from  10  average  individuals,  and  contain  ammonia  equal  to  that 
in  about  6^  cwts.  Peruvian  guano.  In  other  words,  about  1,800 
tons  of  tlie  average  Metropolitan  sewage  without,  and  about  3,000 
tons  of  the  average  sewage  with  rainfall,  &c.,  would  contain  nitrogen 
reckoned  as  ammonia  equal  to  that  in  1  ton  of  Peruvian  guano. 

31.  The  value  of  the  total  manurial  constituents  in  sewaore, 
reckoned  according  to  the  currently  adopted  trade  prices  of  the 
several  constituents,  taking  dry  and  portable  manures  as  the 
standard,  is  pretty  exactly  indicated  by  putting  a  value  of  8d.  on 
every  lb.  of  ammonia,  or  by  giving  a  value  of  one  farthing  per  ton 
for  every  grain  of  ammonia  per  gallon  of  the  sewage.  But  this 
theoretical  value,  according  to  composition  and  the  trade  pi'ices  of 
the  constituents,  cannot,  of  course,  be  taken  as  directly  indicating 
the  value  realized,  or  realizable,  by  the  agricultural  utilisation  in 
various  ways,  of  sewage  of  different  strengths. 

32.  It  is  very  desirable  that  as  soon  as  the  Main  Drainage 
system  is  sufficiently  advanced  and  in  practical  working,  com- 
petent persons  should  be  appointed  to  undertake  the  gauging, 
sampling,  and  analysis,  of  the  Metropolitan  sewage,  in  such 
manner  as  satisfactorily  to  determine  its  average  composition  iu 
the  condition  in  which  it  will  have  to  be  dealt  with  in  any  plan 
of  utilisation. 

Composition  of  the  Drainage  Water  {Rugby). 

33.  Analyses  of  the  drainage  water  passing  from  the  ex- 
perimentally sewage-irrigated  land  at  Rugby  showed  that  those 
constituents  which  are  of  the  most  value,  because  the  most 
liable  to  become  relatively  exhausted,  had  been  the  most  efficiently 
retained  by  the  soil,  but  that  the  water  still  contained  a  con- 
siderable amount  of  valuable  manurial  matters,  besides  a^  large 
quantity  of  other  substances  less  important  as  manure,  but  affecting 
the  purity  of  the  water. 

34.  When  large  quantities  of  sewage  are  applied  to  grass  land 
the  arrangements  should  be  such  as  to  allow  of  the  water  being 
used  more  than  once,  so  that  both  the  utilisation  and  the  purifi- 
cation may  be  as  complete  as  possible. 

Chemical  Composition  of  the  Grass. 

35  The  sewaged  meadow  grass,  as  cut  and  given  to  ths 
animals,  contained  a  less  proportion  of  dry  or  solid  substance 
than  the  unsewaged  ;  and  the  grass  cut  during  the  later  portions 
of  the  season  (both  unsewaged  and  sewaged)  contained  less  solid 
matter  than  that  cut  during  the  more  genial  periods  of  growth. 
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36.  Itiilian  rye  grass,  in  the  condition  as  cut,  was  also  found 
to  be  more  succulent  and  to  contain  less  solid  matter  when  grown 
with  sewage  than  without  it ;  but  the  proportion  of  dry  substance 
diminished  less  as  the  season  advanced  in  its  case  than  in  that  of 
the  meadow  grass. 

37.  The  proportion  of  nitrogenous  substance  (and  also  of 
irapui-e  waxy  or  fatty  matter)  was  much  greater  in  the  solid 
matter  of  the  sewaged,  than  in  that  of  the  unsewaged  grass. 
The  proportion  of  nitrogenous  substance  was  also  much  higher 
in  the  solid  matter  of  the  grass  grown  towards  the  end  than 
earlier  in  the  season.  The  proportion  of  indigestible  woody  fibre 
was  much  about  the  same  in  the  dry  substance  of  the  unsewaged 
and  of  the  sewaged  grass.  It  progressively  diminished  as  the 
season  advanced,  and  was  generally  lower  in  the  dry  substance 
of  the  Italian  rye  than  in  that  of  the  meadow  grass. 

38.  A  given  amount  of  the  dry  substance  of  grass  grown  in  a 
cold  and  wet  season,  or  during  the  cold  and  wet  periods  of  the 
year,  generally  contains  more  nitrogenous  substance,  but  is  less 
productive  than  that  of  grass  grown  in  more  genial  weather. 

39.  The  greater  productiveness  in  milk  and  increase  of  a 
given  amount  of  the  solid  matter  of  the  sewaged  grass  appears 
to  depend  more  on  a  favourable  condition  of  maturation,  digesti- 
bility, and  assimilability,  of  the  constituents,  than  on  the  actual 
per-centage  amount  of  any  of  those  determined,  and  above 
ennmerated. 

Effects  of  Sewage  on  the  mixed  Herbage  of  Grass  Land. 

40.  The^  effect  of  sewage  irrigation  on  the  mixed  herbao-e  of 
grass  land  is  to  develop  the  Graminaceous  plants  chiefly,  nearly  to 
exclude  the  Leguminous,  and  to  reduce  the  prevalence  of  mis- 
cellaneous or  weedy  plants,  but  much  to  encourage  individual 
species. 

41.  Among  the  grasses  which  have  been  observed  to  be  the  most 
encouraged  by  sewage  are  (according  to  locality  or  other  circum- 
stances) rough  meadow  grass,  couch  grass,  rough  cock's  foot,  woolly 
soft  grass,  and  perennial  ryegrass;  two  or  three  only  remainino- 
in  any  considerable  proportion  after  sewage  has  been  liberally 
applied  for  some  years. 

42.  The  produce  of  sewage  irrigated  meadows  being  o-enerally 
cut  or  grazed  very  young,  the  tendency  which  the  great  luxuriance 
of  a  few  very  free  growing  grasses  has  to  give  a  coarse  and 
stemmy  later  growth  is  not  an  objection  as  in  the  case  of  meadows 
left  for  hay  :  a  given  weight  of  the  dry  or  solid  substance  of  the 
more  simple  sewaged  grass  being,  when  consumed  green  more 
productive  than  an  equal  weight  of  that  of  the  more  comnlex 
unsewaged  herbage. 

Composition  of  the  Milk  from  the  unsewaged  and  the  sewaged  Grass. 

43  Although  more  milk  was  obtained  from  a  given  weio-ht  of 
the  dry  or  solid  substance  of  sewaged  than  of  unsewao-ed '"gri.s 
there  was  comparatively  little  difference  in  the  comiSsition  or 
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richness  of  the  milk  from  the  two  kinds,  of  grass.  That  from  the 
sewaged  grass  Avas,  however,  slightly  the  less  rich,  containing 
somewhat  less  of  casein,  butter,  sugar,  and  total  solid  matter 
(though  more  mineral  matter)  than  that  from  the  unsewaged. 

44.  When  oilcake  was  given  with  the  grass  (whether  sewaged 
or  unsewaged)  the  richness  of  the  milk  was  notably  increased. 

Results  obtained  on  the  Application  of  Sewage  to  Oats. 

45.  In  an  experiment  with  oats  in  which  135^  tons  of  sewage 
were  applied  per  acre,  the  gross  value  of  the  increased  produce 
amounted  to  more  than  5d.  per  ton  of  the  sewage  employed,  or  to 
about  three  times  the  market  value  of  the  constituents  of  the 
sewage,  supposing  them  to  have  been  extracted  and  dried ;  and  in 
another  experixnent  in  which  510  tons  were  applied  per  acre,  the 
gross  value  of  the  increased  produce  amounted  to  about  l\d.  per 
ton  of  the  sewage  employed. 

46.  In  the  experiment  with  the  smaller  quantity  of  sewage  the 
supply  of  water  was  equivalent  to  something  under  an  additional 
1^  inch  of  rain  at  the  critical  period  of  growth,  and  in  that  with 
the  larger  amount  to  about  5  inches,  which  proved  to  be  a  great 
excess  at  the  period  of  the  season  at  which  it  was  applied,  there 
being  an  over  production  of  straw,  and  the  crop  being  much  laid. 
Both  experiments  were  made  in  the  unusually  productive  season 
of  1863,  and  with  sewage  of  about  double  the  average  strength 
of  that  of  the  Metropolis,  which  was  applied  during  a  period  of 
very  dry  weather.  It  is  obvious,  therefore,  that  the  results  were 
quite  exceptional,  and  cannot  be  taken  as  indicating  what  might 
be  expected  from  the  application  of  small  quantities  of  sewage  to 
corn  crops  on  different  soils,  and  on  the  average  of  seasons. 

47.  It  is  probable  that  500  tons  of  sewage  per  acre  is  more  than 
would  be  appropriate  to  arable  land  otherwise  treated  in  the 
ordinary  way,  taking  the  average  of  soils  and  seasons ;  and  it  is 
certainly  more  than  would  be  appropriate  for  heavy  lands,  and  for 
wet  seasons. 

General  Conclusions. 

48.  To  obtain  a  maximum  amount  and  gross  value  of  produce 
from  a  given  amount  of  sewage,  it  should  be  appHed  in  small 
quantities  per  acre,  and  in  dry  weather ;  but  the  great  dilution 
of  town  sewage,  its  large  daily  supply  at  all  seasons,  and  its  greater 
amount  in  wet  weather,  when  the  land  can  least  bear,  or  least 
requires,  more  water,  render  it  quite  inappropriate  for  application 
on  a  comprehensive  scale  to  arable  land  for  corn  and  other  ordinary 
rotation  crops. 

49.  Supposing  arrangements  were  made  for  distributing  sewage 
over  a  sufficiently  large  area  to  command  a  full  value,  both  as 
manure  and  as  water,  at  the  most  favourable  periods  of  the  year, 
the  cost  of  main  distribution  would  be  very  great,  the  application 
to  the  arable  land  would  require  to  be  chiefly  by  the  expensive 
means  of  piping  and  hose  and  jet,  instead  of  open  runs,  and  but  a 


79 


small  proportion  of  the  total  sewage  could  be  so  used,  leaving  the 
remainder  to  be  applied  in  large  quantities  to  grass-land,  at  the 
less  favourable  periods  of  the  year,  and,  of  course,  to  realize  a 

much  lower  value.  ■  in 

50.  Having  regard  to  the  cost  of  distribution,  it  is  probable 
tliat  the  most  profitable  mode  of  utilisation  would  be  to  limit  the 
area  by  specially  adapting  the  arrangements  for  the  application  of 
the  greater  part,  if  not  the  whole,  to  permanent  or  other  grasses 
laid  down  to  take  it  the  year  round,  trusting  to  the  occasional 
use  to  other  crops  within  easy  reach  of  the  line  or  area  so  com- 
manded, but  relying  mainly  on  the  periodically  broken  up  rye-grass 
land,  and  on  the  application  to  arable  land  of  the  solid  manure 
resulting  from  the  consumption  of  the  sewaged  grass,  for  obtaining 
other  produce  than  milk  and  meat,  by  means  of  sewage. 

51.  It  is  probable  that  about  5,000  tons  of  sewage  per  acre, 
judiciously  applied  to  grass-land  properly  laid  down  to  receive  it, 
would,  in  a  great  majority  of  cases,  secure  the  most  profitable 
utilisation. 

52.  Supposing  an  application  of  5,000  tons  of  sewage  per  acre 
per  annum  to  grass  land,  the  purification  of  the  water  would 
doubtless  be  sufficient  to  admit  of  the  drainage  being  turned  into 
rivers  without  fear  of  detriment  to  fish;  whilst  any  streams 
receiving  such  drainage  instead  of  that  direct  from  the  towns 
Avould  at  any  rate  be  vastly  improved  from  their  previous  con- 
dition as  a  water  supply ;  but  whether  the  purification  would  be 
sufficient  with  such  an  application  is  a  question  which  requires 
further  experience  and  investigation  to  answer  satisfactorily, 
and  which  will  probably  receive  a  different  answer  in  different 
cases. 

53.  Assuming  that  the  average  dilution  of  the  Metropolitan 
sewage,  including  rainfall  and  subsoil  water,  will  amount  to  100 
tons  per  head  per  annum,  5,000  tons  would  represent  the  excretal 
and  other  matters  of  50  average  individuals ;  and  a  population  of 
3,000,000  would  require  about  60,000  acres  constantly  under 
irrigation. 

54.  The  only  records  of  exact  quantitive  results  obtained  on 
the  application  of  town  sewage  to  corn  crops  are  those  of  the 
experiments  of  the  Earl  of  Essex  on  wheat,  and  those  of  the 
experiments  with  oats  at  Rugby  given  in  this  Report,  and  in  both 
cases  the  increase  of  produce  represented  a  very  high  gross  money 
return  per  ton  of  sewage  employed.  The  circumstances  of  the 
experiments  at  Rugby  were,  however,  quite  exceptional;  and, 
Avbere  the  most  extensive  trials  of  the  application  of  sewage  to 
coi-n  crops  have  been  made  with  a  view  to  profit,  namelv,  at 
Watford,  Rugby,  and  Alnwick,  the  practice  has  been  abandoned ; 
whilst  neither  at  Edinburgh  nor  Croydon,  where  the  best  results 
have  been  obtained  with  grass,  does  the  application  to  corn  and  other 
rotation  crops  constitute  a  part  of  the  general  system  adopted. 

55.  Judging  both  from  the  results  of  the  experiments,  and  from 
the  experience  of  common  practice,  it  is  considered  that  the  most 
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profitable  utilisation  of  town  sewage  will  in  most  cases  be  attained 
by  the  application  of  about  5,000  tons  per  acre  to  meadow  or 
Italian  rye  grass ;  but  that  the  farmer  would  not  pay  and 
probably  not  -kd.,  per  ton,  the  year  round,  for  sewage  of  the  average 
strength  of  that  of  the  Metropolis  (excluding  storm  water),  deli- 
vered on  his  land. 

John  Bennet  Lawes. 
J.  Thomas  "W^at. 
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APPENDIX. 


APPENDIX  No.  1. 


Detailed  Records  relating  to  the  Expeeiments  made  at 

Rugby. 


Table  I. 

Detailed  Eecord  of  the  Sewage  applied  to  Permanent  G  rass  Land, 

Second  Season  1861-2. 


Five-acre  Field. 

Ten-acre  Field. 

Average 

Sewage  applied 

Average 

Sewage  applied 
(calcvilated  per  acre). 

time 

taken  to 
fill 

Gauge- 
tank: 

Time 

(calculated per  acre). 

time 
taken  to 

fill 
Gauge- 
tank 

Time 

Dates. 

of 

J.  lot  Z, 

Hot  3. 

Plot  4. 

of 

Plot  2. 

Plot  3. 

Plot  4. 

applica- 

(Area 

fArea 

(Area 

applica- 

(Area 
-9375 

(Area 

(Area 

(3-21G 

tion. 

-90a75 

-9:i081 

1-00512 

(3-216 

tion. 

-995S8 

1-00019 

tons) . 

aero.) 

acre.) 

acre.) 

tons). 

acre.) 

acre.) 

acre.) 

Nov.  4 

Mins. 

IT.  M. 

Tons. 

Tons. 

Tons. 

Mins. 

n.  M. 

Tons. 

Tons. 

Tons. 

IS-oO 

2  45 

34-00 

9-50 

2  0 

41-14 

5 

13'CG 

5  0 

7i-07 

15 -no 

4  0 

51 -67 
33-70 

14-33 

6  15 

90-41 

11-50 

2  0 

, , 

14-16 

ii'is 

13-00 

7  0 

103-88 

(> 

152-52 

10-50 

2  0 

00  /J 

11 

13-S3 

10  0 

138-81 

9-.^0 

2  0 

41-14 

12 

14-67 

10  0 

ui'oi 

13 -.';0 
11-50 

3  0 

9  n 

■ii  u 

43-06 
33-70 

13 

14-00 

615 

12-67 

7  15 

110-89 

80-68 

10-50 

2  0 

36-75 

14 
15 
16 
18 

13-00 

4  0 

59-07 

9-50 

2"0 

40-79 

11-50 

2  0 

33-98 

14-50 

915 

122-47 

11-50 

2  0 

33-55 

19 

15-16 

9  45 

133-32 

13-50 

s'o 

7i'76 

20 

14-C7 

6"0 

79-42 

14 -C7 

5  0 

65 -73 

25 

14-34 

4  0 

63-55 

14-16 

9  45 

132-19 

26 

15-00 

9  45 

134-75 

14-50 

5"o 

68-81 

f> 

27 

15-34 

6"0 

75-95 

15-00 

5  0 

64-31 

ii 

14-67 

4  0 

53-34 

Total  - 

(14-'i2) 

114  0 

313-12 

499-79 

745-01 

(12-61) 

59  15 

116-26 

341-49 

451 -38 

Pec.  2 

14-00 

9  0 

123-41 

3 

14-16 

9  45 

142-74 

13-67 

5"o 

71-47 

4 

15-34 

6"o 

75-95 

14-50 

5  0 

66-53 

it 

15-34 

4  0 

50-06 

17 
18 

14-34 
14-00 

5  0 
5  0 

74-04 

66-94 

13-34 

5"0 

72*31 

11 

14-00 

5  0 

08-56 
118-39 

100 -24 

23 
24 

,  i* 

30 

15-00 
15-34 

14-  00 

15-  80 

9  15 

4  0 

5  45 
8  15 

50-63 

85-14 

13-07 
13-00 

5"o 
5  0 

70-87 

7-r20 

31 

ii 

15-00 

9  15 

127-84 

13-31 

5'"o 

72-02 

13-50 

4  30 

ei-si 

277-24 

Total  - 

(14-06) 

80  15 

126-58 

429-70 

527-60 

(13-50) 

31  30 

71-47 

143-49 

10746. 
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Table  I — continued. 
Detailed  Record  of  the  Sewage  applied  to  Permanent  Grass  Laud. 
Second  Season  1861-2. 


Dates. 


Pive-acre  Field. 

Avera^;e 

Time 
taken  to 

im 

GauKC- 
tank 
(3-210 
tons). 

Time 
of 
applica- 
tion. 

Sewage  applied 
(calculated  per  acre). 

Plot  2. 

(Area 
•99375 
acre.) 

Plot  3. 

(Area 
•93081 
acre.) 

Plot  4. 

(Area 
1-00512 
acre.) 

Average 
Time 
taken 
to  fill 

GauKc- 
tank 
(3-216 
tons). 


Jan.  1 

Mlns. 

n.  M. 

Tons. 

Tons. 

Tons. 

Mlns. 

n.  M. 

Tons. 

Tons. 

Tons. 

15-00 

8  80 

45-31 

G 

15^16 

9  45 

12.V47 

7 

15-16 

9  45 

133-32 

12-00 

4  45 

77-35 

» 

• ' 

• " 

12-00 

5  0 

80-38 

O 

15'00 

5  46 

74-43 

>» 

15^34 

4  0 

50-06 

13 

14 '50 

9  45 

129-09 

14 

14-67 

9  45 

137-78 

12-00 

5'  0 

80-73 

•  • 

12-34 

5  0 

78-17 

15 

14-34 

6  0 

81-2-li 

»> 

15-34 

4  0 

50-06 

•  • 

21 

21-25 

6  45 

56-09 

22 

16-34 

5  0 

59-42 

•  • 

3> 

16-00 

5  0 

59 '99 

•  • 

27 

15-83 

9  45 

118^24 

28 

15-50 

9  45 

•  • 

130-40 

12 '34 

5  0 

78-51 

» 
29 

• ' 

•• 

12 '50 

5  0 

77-17 

15-50 

5'  0 

62-6'l 

14-67 

4  0 

52-34 

Total  - 

(15-41) 

103  30 

323-04 

457-59 

583-25 

(12^20) 

29  45 

77-35 

159-24 

235-72 

Peb.  3 

22-16 

11  15 

97-46 

4 

15-67 

11  30 

152-14 

ii'67 

7  "45 

129-77 

12^50 

3  45 

57-88 

5 

16-34 

li'l5 

13-2- 17 

10 

16-60 

10  45 

124-32 

11 
12 

10-16 

11  30 

147-52 

li'50 

5*45 

96-88 

18-00 

li'30 

122-65 

12-34 

5  46 

89-89 

17 

16-34 

4  45 

55-81 

5'48 

18 

16-83 

11  30 

14i-65 

12-34 

90-28 

12-09^ 

5  4S 

92-44 

19 

16-67 

li'45 

136-86 

132-17 

24 

16-34 

11  15 

25 

17-83 

11  30 

133'71 

li-50 

5"45 

97 '70 

89-89 

12-84 

5  45 

26 

13-00 

s'  0 

32-36 

86-99 

16-00 

7  15 

Total  - 

(17-03) 

128  45 

169-22 

575-02 

751-57 

(11-98) 

46  0 

227-47 

187-16 

330-10 

Ten-acre  Picld. 


Time 
of 
applica- 
tion. 


Sewage  applied 
(calculated  per  acre). 


Plot  2. 

(Area 
-9875 
acre.) 


Plot  3. 

(Area 
-99588 
acre.) 


Plot  4. 

(Area 
1-00019 
acre.) 


Mar.  3 

4 


17 
21 

22 

24 
25 
26 

27 
28 
29 

31 

Total  - 


16-00 
18-00 

16-  34 

17-  34 
(8  tanks*) 

16-00 

14-50 
13-07 


14-67 
13-07 

13-  33 

14-  00 


(16-73) 


11  15 
11  30 

c'45 
3  45 
11  0 
11  30 

i'lS 

6  45 


11  0 

11  30 
0  45 
3  45 


98  45 


80-21 


56-91 


93-32 


235-44 


132-44 


149-00 


174-40 


455-84 


134-98 


41-52 
25-60 


80-75 

143-95 
si -42 
478-22 


12-00 
11-34 


12-00 
11-33 


12-00 

11-  83 

12-  00 
11-07 


12-16 
(U-85) 


6  4E 
5  4S 


5  4<> 

5  45 


4  45 
11  30 
0  45 
4  15 


11-30 


01  45 


109 


100 


91 


91 


92 


92 


188 


374 


84 


35 


03 


624-72 


 ;  ,      /.,„„7^„  ia  oivpn  the  flow  was  too  slow  and  IrrcBular  to  estimate  it  by  the 

av^Sotimo  tXt';/^^^^^^^^^^^  "-reforo  the  actual  number  of  tankOdswas 

counted. 


8S 


Table  I. — continued. 

Detailed  Record  of  the  Sewage  applied  to  Permanent  Grass  Land. 
Second  Season  1861-2. 


Dates. 


Pivc-acre  EieUl. 


Average 
Time 

taken  to 
fill 

Gauge- 
tank 
(3-216 
tons) . 


Time 
of 
applica- 
tion. 


Sewage  applied 
(calculated  per  acre). 


Plot  2. 

(Area 
■99375 
acre.) 


Plot  8. 

(Area 
•930S1 
acre.) 


Mins. 


15 -ir. 
15-50 
15-67 
15-00 


15-20 

14-  75 

15-  67 


17-60 
15-67 
15-33 


16-00 
16-00 
16-67 
16-67 


(15-75) 


H.  M. 


Tons. 


11  SO 
11  30 

6  45  83-64 

2  45 


10  15 
7  45 
10  15 


10  0 
4  0 
6  45 


11  0 
11  30 
6  45 
3  45 


114  30 


49-56 


78-62 


211-82 


Tons. 


153-80 


Plot  4. 

(Area 
1-00512 
acre.) 


Ton-acre  Pield. 


Average 
Time 
taken 
to  fill 
Gauge- 
tank 
(3-210 
tons). 


Time 
of 
applica- 
tion. 


108-92 


91-28 


149-00 


503-00 


Tons. 

145-63 
35-20 

129-46 
125-53 

109-08 

1.31-98 
43-19 


730-12 


Mins. 

11-  50 

12-  33 
11-33 


11-  80 
12  16 

12-  33 
11-50 


13-33 
12-33 
12-33 
11-67 


12-16 
12-33 
12-33 
11-50 


12-  67 

13-  50 
13-67 
13-00 


(12-26) 


H.  M. 

11  30 
6  45 
4  15 


10  15 

11  30 
5  45 
3  45 


10  80 

11  30 
6  45 
4  30 


10  30 

11  30 
G  45 
3  30 


4  45 
11  80 
6  45 
2  30 


144  45 


Sewage  applied 
(calculated  per  acre). 


Plot  2. 

(Area 
-9875 
acre.) 


Plot  3. 

(Area 
-99588 
acre.) 


Plot  2. 

(Area 
1-00019 
acre.) 


Tons. 
106-97 


91-12 


106-97 


106-97 


96-49 


508-52 


17-67 

20-  67 

21-  00 
20-07 


25-67 
25-67 
25-00 
23-33 


24-50 
16-00 

15-  50 

16-  00 


19-00 

16-  83 

17-  00 
17-00 


20-00 
18-17 
18-00 
17 -.33 


(lU-56) 


4  45 
4  45 
6  45 
10  30 


11  30 
11  30 
6  15 
4  15 


11  30 
11  30 
4  0 
6  45 


11  30 
11  30 
5  45 
4  45 


11  80 
11  30 
6  45 
3  45 


161  0 


44-62 


66-63 


48-54 


50-11 


05-68 


72-82 


92-87 


149-00 


141-65 


131-20 


281-77  5S1-35 


51-61 
97-52 

86-00 
34 -97 

90-11 

86-99 

116-20 
53-04 

110-39 
41-51! 


702-97 


I  13-16 
13-50 
13-67 
13-33 
13-33 


15-  40 
14-67 
17-00 

16-  00 
12-67 


11-  83 

12-  67 

13-  33 

11-  50 

12-  33 


11-83 
11-33 
11-07 
11-33 


10  30 

4  30 

5  45 
5  45 
5  0 


8  45 

5  43 

6  0 
4  45 
6  45 


10  30 
5  45 
5  45 
3  0 
5  43 


10  30 

11  30 
5  45 
5  45 


(V2-90)  I  T27  45 


84 


58 


50 


96 


29 


01 


97 


289-55 


Tons. 
193-70 


183-24 


180-71 


180-71 


105-05 


903-47 


64-59 


87-93 


196-67 


4-25-13 


Tons. 
72-37 

167*58 
62-91 

164-29 
74-39 

166-59 
58-71 

72-33 
37-10 


876-27 


153-93 
81-15 
72 -.36 

109-62 
68-09 
10278 

17i*23 
83-22 
89-97 

17i-2S 
97-91 

1201-49 


84 


Table  I — co?ilinued. 


Detailed  Record  of  the  Sewage  applied  to  Permanent  Grass  Land. 

Second  Season  1861-2, 


Dates. 

Fivo-nero  Rclcl. 

Ten -acre  Field. 

Average 

tiiiio 
taken  to 

«1I 
Gausc- 
tank 
(3-210 
tons). 

Time 
of 
ai)plica- 
tion. 

Sowago  apjiliecl 
(calculated  per  acre). 

Average 
time 

taken  to 
fill 

Gaui!;e- 
tank 
(3-210 
tons). 

Time 

of 
ipplica- 
tion. 

Sewage  applied 
(calculated  per  acre). 

Plot  2. 

(Area 
•99375 
acre.) 

Plot  3. 

(Area 
•93081 
acre.) 

Plot  4. 

(Area 
1-00.512 
acre.) 

Plot  2. 

(Area 
•9875 
acre.) 

Plot  3. 

(Area 
-99588 
acre.) 

Plot  4. 

(Area 
1-00019 
acre.) 

June  2 
3 

>> 

» 

5 
6 
1 

)» 

9 

li) 
11 

» 

12 
13 

Total  - 

Mins. 

•■ 

18-80 

16-  83 

17-  00 
16-33 

16-83 

18-  00 

n.  M. 
•• 

li'so 

11  30 
6  45 
3  45 

li'so 

2  0 

To-is. 
77-10 

Tons. 
11.1-05 

2.3-03 

Tons. 

117-43 
44-09 

13i-18 
292-70 

Mins. 
13-00 

KJXt 

12-  00 
18-33 

13-  00 

16-50 
12-00 

14-  00 

12-  67 

13-  00 

n.  M. 

4  45 

3  45 

5  45 

5  45 

4'  0 

6  45 
9  15 
5  45 
5  45 

Tons. 
84-29 

88-68 

Tons. 
125-14 

73-81 
128-02 

Tons. 
70-49 

66-29 

85-33 

108-52 
85-33 

(17-30) 

47  0 

77-10 

184-68 

(12-61) 

59  15 

172-97 

323-97  1  409-90 

1 

July  5 
7 
8 
9 
10 
11 
12 
14 
15 
16 
17 

18 
19 
21 
22 
23 
24 
25 
26 
.  28 
29 
30 
31 

Total  - 

Aug.  1 
2 
4 
5 
6 
7 
8 
9 
11 
12 
13 
14 
15 
10 
18 
19 
20 
21 
25 
20 

Total  - 

36-50 

16-00 
16-50 
15-67 
15-67 
15  5!) 
15-50 
10-16 
15-60 
15-33 

14-  83 

15-  50 

16-  33 
15-50 
15-50 

14-  17 

15-  33 
15-00 
14-67 
14-60 

4  0 

12*  0 

12  0 
11  0 
11  0 

\) 

33  0 

13  0 
11  0 
11  0 

11  0 
4  45 

12  0 
12  0 
12  0 
11  0 
11  0 

11  30 

12  0 
12  0 

136-80 
150-33 

142-69 
150-73 

150-77 
100-49  ■ 
146-17 
63-53 
166-49 
158-93 

21-04 

143-98 
184-70 

142-56 

137-75 
142-40 

148-63 

137-75 

157-04 
157-79 

17-75 
14-00 
11-33 

11-  17 

12-  00 
'12-00 

11-83 
11-67 

11-  67 

12-  33 

13-  50 
11-60 
11-67 
11-67 
11-00 

11-  33 

12-  00 

11-  50 
12  50 

12-  00 
11-00 

11 -  ."iO 

12-  20 

7  0 
11  0 

11  0 

12  0 
12  0 
12  0 
11  0 

11  0 

12  0 
12  0 
12  0 
11  0 
11  0 

11  0 

4  45 

12  0 

13  0 
12  0 

5  0 
2  0 

12  0 
12  0 
12  0 

■209-92 

•• 

196-17 

195-40 

188-11 

193-76 

199-24 

183-74 

83-67 
205-22 

202-18 

76-  03 
151-58 

193-92 

179-39 
181-85 

l7i'-49 

181-85 
181-85 

20i'31 

77-  17 
32-15 

199-58 

189-76 

(15-59) 

217  15 

580-05 

840 '38 

1323-70 

(12-00) 

239  45 

595-49 

1255-92 

2010-98 

14-67 
14-67 
14-67 

14-  67 

15-  33 
15-00 
15-17 
15-33 

15-33 
15-33 
15-00 

15-00 
15-00 
15-67 
14-83 

12  0 
11  0 

11  0 

13  0 

12  0 
12  0 
12  0 

11  0 

12"  0 

12  0 
7  30 

12'  0 

12  0 

11  0 

12  0 

171  30 

15i-99 

157-12 
309-11 

•• 

148-75 
1C2-27 
105-84 

157-04 
143-95 

157-04 

l!33-.->8 
151-80 

150-28 
95-99 

153-68 
134-70 

11-40 
11-25 
11-60 
11-60 
11-00 

1 1  .  PA 

11  dU 
11-60 
11-80 

11-  00 

12-  00 
11-00 

I- 2 -40 
U-50 

II-  50 
12-00 

12  0 
11  0 

11  0 

12  0 
12  0 

12  0 

11  0 
5  0 

12  0 

11  30 

li'  0 

12  0 

li'  0 

13  0 

202-14 
195-40 

203-96 

2o6-.i-i 

206-44 
193-76 

202-18 

188 -04 
182-94 

199-58 

179-84 
87-69 

191-20 
17i"l4 
IS4"53 

(15-04) 

1 

■170-80 

lH.2-03 

I (11-05) 

107  30 

897-51 

1000-78 

1SS5-G2 

85 


Table  I. — continued. 

Detailed  Kecorcl  of  the  Sewage  applied  to  Permanent  Grass  Land. 

Second  Season  1861-2. 


Five-acre  Field. 

Ten-acre  Field. 

Average 

time 
taken  to 

fill 
Gaupje- 
tank 
(3-216 
tons). 

Time 

Sewage  applied 
(calculated  per  acre) . 

Average 

time 
taken  to 

fill 
Gauge- 
tank 
(3-216 
tons). 

Time 

Sewage  applied 
(calculated  per  acre). 

Dates. 

of 
applica- 
tion. 

Plot  2. 

(Area 
'99375 
acre.) 

Plot  3. 

(Area 
-93081 
acre.) 

Plot  4. 

(Aj-ea 
1-00512 
acre.) 

of 
applicflr- 
tion. 

Plot  2. 

(Area 
■9875 
acre.) 

Plot  3. 

(Area 
-99588 
acre.) 

Plot  4. 

(Area 
1  00018 
acre.) 

Sept.  1 

Sling. 
14-83 

H.  M. 

11  0 

Tons. 

Tons. 

Tons. 
142-40 

Mins. 
11-50 

n.  u. 
11  0 

Tons. 

Tons. 

Tons. 
184-53 

2 

14-83 

12  0 

167-74 

11-33 

12  0 

205-22 

8 

15-50 

11  0 

136-24 

•• 

•• 

•• 

9 

15-33 

12  0 

162-27 

15 

15-67 

11  0 

134-76 

11-67 

11  0 

181-85 

16 

14-67 

6  0 

70-42 

12-17 

12  0 

191-05 

)i 

15-00 

0  0 

82-92 

22 

17-00 

3  0 

33-88 

12-50 

3  0 

46-30 

23 

16-33 

6  0 

76-17 

13-20 

12  0 

177-64 

18-33 

6  0 

62-84 

29 

17-83 

11  0 

118-44 

12-20 

11  0 

173-95 

30 

18-50 

12  0 

134'47 

12-17 

12  0 

190-23 

Total  - 

(15-99) 

107  0 

79-42 

623-57 

628-56 

(12-03) 

84  0 

177-64 

390-27 

776-86 

Oct.  6 

24-60 

11 

0 

85-84 

23-40 

11 

0 

90-69 

7 

28-67 

12 

0 

86 

•77 

20-20 

12 

0 

88-74 

13 

16-00 

11 

0 

131-98 

11-50 

11 

0 

184-S4 

14 

16-00 

6 

0 

72-82 

11-10 

12 

0 

208-34 

t> 

16-33 

6 

0 

70 

-17 

20 

12-33 

11 

0 

172-11 

21 

12-67 

11 

0 

168-22 

22 

12-50 

11 

0 

171 

•95 

23 

15-33 

11 

0 

137-75 

24 

15-25 

8 

0 

108 

75 

25 

16-00 

11 

0 

13T98 

27 

12-33 

5  15 

83 

20 

>> 

12-00 

1  15 

20-18 

16-00 

12-33 

4  30 

70-41 

28 

11 

0 

131-98 

29 

10-25 

9 

0 

114- 

81 

ii 

10-50 

3 

0 

34-90 

•  * 

30 

10-00 

12 

0 

145-63 

31 

16-00 

5  30 

60-75 

a 

16-33 

0  30 

76-42 

•  • 

Total  - 

(17-23) 

123 

0 

285-20 

386- 

50 

730-85 

(13-86) 

90 

0 

255- 

15 

485-48 

517-75 

8G 


Tabt.k  ir. 

Detailed  Recoud  of  the  Sewage  applied  to  Permanent  Grass  Land. 
  Third  Season  1862-3. 


Pivo-acre  Field. 

Ten-acre  Pield. 

Average 

Sowago  applied 

Average 

Sewage  applied 

Dates. 

time 
taken  to 

iiino 

(calcvilatod  per  acre). 

time 
taken  to 

Time 

(calculated  jjer  acre). 

of 
applica- 

nil 

Gaiise- 
tnnk 

(Area 

X  iUb  0. 

(Area 

1  lOt  4. 

(Area  i 

fill 
Gauffc- 

tank 

of 
applica- 

Plot 2. 
(Area 

Plot  3. 
(Area 

Plot  4. 
(Area 

(3-210 

tion. 

-99375 

-03081 

vm,\i 

(3-218 

tion. 

-0875 

-08568 

1  -  00019 

tons). 

acre.) 

acre.) 

acre.) 

tons). 

acre.) 

ax^re.) 

ncre«) 

Nov.  1 

jMins. 

IT.  M. 

Tons. 

Tons. 

Tons. 

iiiins. 

H.  H. 

xuxxs. 

m 

xons. 

J.  011s. 

17-00 

11  0 

124-22 

s 

12-67 

i)\J  vX 

4 

12-60 

1ft  ft 

155-01 

5 

•• 

•• 

12-83 

Ift  ft 

150-37 

6 

16-67 

16'  0 

115-16 

•  * 

*  • 

7 

16-33 

10  0 

126-95 

8 

15-83 

10  0 

12i-27 

10 

•    *  * 

10  ()U 

in  ft 
III  \j 

X'±£>  VL 

11 

0/ 

ift  ft 

12 

13-00 

10  0 

XiJU  OL 

13 

16-83 

10  0 

. . 

114-07 

14 

16*00 

10  0 

129-56 

•  * 

15 

16-25 

89-62 

,  , 

17 

■  • 

12-00 

930 

145-46 

18 

13-00 

19  0 

149*05 

19 

12-50 

10  0 

154*34 

17-00 

10  0 

112-93 

21 
22 

16-33 
15-40 

10  0 
9  0 

126-95 

112-19 

24 

12-33 

730 

117-35 

25 
26 

12-40 
12-40 

9  0 
8  45 

137-88 

140-63 

27 

16-60 

915 

106-98 

28 

16-00 

10  0 

129-56 

29 

16-00 

9  15 

112-26 

Total  - 

(16-33) 

126  0 

201-88 

513*02 

806-82 



(12-71) 



108  45 

288-19 

597-62 

771-34 

Dec.  1 

*  • 

12*50 

10  0 

154-34 

2 

•  • 

•  • 

•• 

12*50 

10  0 

155-01 

3 

12-  40 

9  0 

140-03 

4 

10  0 

115 -16 

5 

16*50 

10  0 

125*64 

6 

lu  0/ 

1ft  ft 

115--16 

9 

12*40 

8  0 

124-47 

10 

146-03 

It 

18*00 

e  0 

63-99 

13 

17-00 

6  45 

82*31 

13 

17-00 

10  0 

114*22 

16 

•• 

12-00 

10  0 

160-77 

16 

•• 

11-67 

10  0 

160-03 

17 

11-60 

9  0 

15i-6l 

18 

17*00 

16  0 

112-93 

•• 

19 

19*33 

10  0 

107-24 

92-89 

20 

18-60 

9  0 

, , 

22 

11-67 

16'  0 

165*32 

23 

•• 

. , 

11-83 

10  0 

103-79 

24 

11-60 

9  0 

149-68 

Total  •- 

(17-34) 

81  45 

114*22 

315-19 

500-13 

(12-0-1) 

101  0 

151-01 

025-46 

894-61 

Jan.  5 
•6 
.7 

-  * 

11-67 

10  0 

1  (V;  ■  '59 
XUU 

1  0  *  Oft 

in  n 

162*84 

XX  -lu 

0  ft 

152-31 

8 

.  ^ 

17-33 

10  0 

112*04 

117-50 

'  * 

•• 

•• 

•■ 

n 

y 

10-33 

.  10 
12 
13 
14 
16 

10  0 

116*4-8 

•  • 

16'  0 

•  * 

163*03 

11*83 

•• 

■• 

11 '07 

10  0 

•• 

160-03 

iU  U 

105*32 

17-83 

10  0 

. . 

111-06 

107-67 

16 

16-80 

9  0 

118-72 

17 
19 

16-17 

■• 

12*00 

2*30 

•• 

•I 

46*19 

12*00 

10  0 

16i-17 

20 
21 
22 

11-83 

10  0 

165-18 

10  0 

129-66 

117-60 

23 

16-00 

10  0 

122-06 

24 
26 
27 
28 
29 
30 

15-83 

10  0 

11*83 

16"  0 

168*08 

12*50 

7  0 

108-50 

11*80 

10  0 

105-00 

10-67 
16-17 

16'  0 

10  0 

124-30 

118-72 

31 

10-67 

10  0 

124-30 

Total 

(16-55) 

119  0 

351-18 

.l«9-3t 

580-23 

(11*82) 

108  30 

193-62 

430-00 

819*30 

87 


Table  II. — continued. 


Detailed  Record  of  the  Sewage  applied  to  Permanent  Grass  Land. 

Third  Season  1862-3. 


]?ivc-aore  rield. 

Ten-acre  Pield. 

Average 

Sewage  applied 

Average 

1 

Sewage  applied 

time 
taken  to 

nil 

Gauge- 
tank 

Tune 

(calculated  per  acre) . 

time 
taken  t( 

fill 
Gauge- 
tank 

_. 

J  liiue 

(calculated  per  acre). 

Dates 

of 

JrlOb  J. 

PJnf  1 

iriori  0. 

X  IOC  ^. 

of 

xiUu  0. 

applica 

(Area 

(Area 

(Area 

applicor 

(Area 

(Area 

(Area 

(3-216 

tion. 

•99375 

-93081 

1-00513 

(3-316 

tion. 

*9875 

•995S8 

1-00019 

tons). 

acre.) 

acre.) 

acre.) 

tons). 

acre.) 

acre.) 

acre.) 

1  IVTinq 

- 

H. 

Tons. 

Tons. 

Tons. 

jyLins. 

H.  M. 

Tons. 

Tons. 

Tons. 

Feb.  2 

12*00 

/  10 

116*50 

3 

• ' 

•  * 

11*67 

10  0 

11*83 

10  0 

*  ■ 

163*08 

5 

20*50 

10  0 

93-65 

*  • 

6 

22-33 

10  0 

92-84 

*  * 

•  • 

7 

23-00 

9  0 

75-12 

* ' 

9 

11*60 

li'  0 

182*94 

10 

•■ 

11*67 

11  0 

182*63 

11 

J.X  0/ 

n  ft 

181*85 

12 

26-00 

ll'  0 

81-22 

13 

26-50 

11  0 

86-05 

•  • 

*  * 

*  • 

14 

26-50 

10  0 

73-27 

16 

li-67 

li'  0 

181*85 

17 

'  * 

11-50 

12  0 

202*18 

18 

11-67 

12  0 

206 '93 

19 

29-00 

12  0 

79-44 

20 

27-67 

12  0 

89-90 

21 

26-17 

11  0 

so'co 

23 

20 -.50 

]  \ 

11*83 

11  0 

187  -  30 

24 

12"  0 

112*88 

25 

17-67 

12  0 

146-78 

2G 

16-80 

10  30 

121-36 

■■ 

27 

17-33 

12  0 

•• 

132 "93 

28 

16-17 

11  0 

14i-02 

•• 

•* 

•• 

Total  - 

(21-70) 

153  30 

194-63 

550-59 



655*43 

(11-64) 

106  15 

300*93 

550-84 

1013-58 

Mar.  2 

16-67 

11  0 

126*63 

3 

15-67 

li-50 

13"  0 

202-18 

•  • 

12"  0 

147  - 02 

5 

15-60 

9  0 

119-60 

•• 

6 

15-83 

12  0 

147-19 

7 

15-17 

11  0 

139*20 

*  • 

•  • 

9 

15-50 

3  0 

Q7 . 1  ft 

•  * 

11 

20-83 

12  0 

119-43 

•  • 

12 

14-33 

7  0 

93-78 

■  • 

13 
14 

15-00 

li"  0 

140-78 

11-50 

12  0 

•- 

•• 

20i-31 

16 

14-17 

11  0 

149-03 

-'• 

•• 

17 
18 

it  uu 

177-69 

li-50 

12'  0 

203*90 

19 

13-33 

12  0 

174-80 

;: 

20 

13-50 

i.  J  u 

176-65 

'  • 

21 

13-33 

11  0 

171-07 

23 
25 

13-17 

11  0 

160*35 

• ' 

13-33 

12'  0 

186-62 

li-83 

12"  0 

27 

14-50 

12  0 

160 ' 70 

•* 

28 

13-67 

10  30 

147-46 

•• 

30 
31 

33-17 

11  0 

•• 

63-68 

12-33 

12'  0 

•  • 

*  • 

188-57 

•• 

Total  - 

(15-13) 

202  30 

A • CO 

'±Oa  xytj 

774*41 

off  pr  •  H>Y 

1375  77 

h 1 -791 

oO  0 

203*90 

390-75 

— — — . 
397*01 

April  1 

15'83 

12  0 

157-15 

2 

15-50 

12  0 

148*63 

•• 

6 
7 

16-33 

11  0 

129-33 

*• 

8 

16-17 

13'  0 

153-84 

11-67 

13  0 

•• 

•• 

los'ss 

9 
16 
17 

16-67 

12  0 

139-78 

li'67 

12"  0 

199-24 

20 

17-83 

li'  0 

118-41 

11*83 

12  0 

195*70 

•21 

17-40 

10  30 

125-10 

22 
23 

17-17 

12  0 

134-17 

24 

li*50 

13"  0 

203-90 

27 
■28 

18-33 
21-67 

16 '30 
12  0 

114-80 

100-97 

11-67 

12  0 

198*38 

•29 
30 

24-07 

12  0 

94-45 

Total  - 

(17 -at) 

127   0  1 

234-23 

550*89 

040-53 

li'*83 
(11*69) 

13'  0 

73  0 

203-90 

190*54 
395*78 

592*46 

88 


Table  II. — continued. 

Detailed  Record  of  the  Sewage  applied  to  Permanent  Grass  Land. 

Third  Season  1862-3. 


Dates. 


Pive-acre  Tiold. 


Average 
time 

taken  to 

fill 
GauKO- 
taiik 
(;J-210 
tons). 


Time 

of 
.applica 
tion. 


Scvvngo  applied 
(calculated  per  acre). 


Plot  2. 

(Area 
•99375 
aero.) 


Plot  3. 

(Area 
•93081 
aero.) 


Plot  4, 

(Area 
!• 00512 
acre.) 


Ten-acre  Field. 


Average 
time 

laUen  to 
(ill 

G.iufie- 
t,inlc 
^•2IG 
tons). 


Time 

of 
applica. 
tion. 


Sewage  applied 
(calculated  per  acre). 


Plot  2. 

(Area 
•9S75 
aero.) 


Plot  3. 

(."Vrca 
•99588 
acre.) 


Plot  4. 

(Area 
1-00019 
acre.) 


Mins. 

n.  M. 

May  1 

28-80 

1030 

5 

28-83 

11  15 

6 

27 -07 

12  0 

1 

8 

12 

35 '83 

li'l5 

33 

24^17 

11  15 

14 

15 

18 

16-67 

5'  0 

19 

16-50 

12  0 

20 

16-33 

12  0 

27 

16-33 

5  0 

28 

16-G7 

12  0 

29 

16-17 

12  0 

30 

16-17 

10  30 

Total  - 

(20-28) 

124  45 

Tons. 


90-38 


Tons. 


80-89 


62-18 
152-31 
149-23 
134-61 


579-25 


Tons. 
69-90 
83-26 

ei-is 

189 -62 
58-78 
142-47 


555-25 


Mins. 


11-67 
11-07 


11-80 
13-50 


11-  33 

12-  00 
11-40 


(11-72) 


n.  M. 

12  0 


12  0 
12  0 


9  30 
2  45 


12  0 
12  0 
10  30 


Tons. 


39 


82  45 


81 


Tons. 


199-2-1 


205-22 
178U6 


Tons. 
195-70 


198-38 


155-32 


192-93 


39-81    582-92  742-32 


June  1 

16  00 

11  0 

2 

16-50 

12  0 

3 

20-00 

12  0 

4 

21-17 

12  0 

5 

23-00 

12  0 

6 

17-20 

10  30 

8 

10-25 

9  45 

9 

17-80 

12  0 

10 

15-50 

12  0 

11 

12 

15 

17-00 

9'45 

16 

16-83 

12  0 

17 

17-00 

12  0 

18 

19 

22 

16-00 

li'  0 

23 

15-67 

7  45 

24 

17-17 

12  0 

25 

26 

Total  - 

j  (17-41) 

167  45 

110-  07 
118-54 

150-33 

111-  36 
137-06 

133-49 
13.V71 


896-56 


150-77 


189-76 


147-81 


102 -53 


131-98 
115-19 

io6-'i6 

115-19 


540-87 


462-52 


12-00 
11-83 
11-67 
11-67 

11-  50 

12-  17 


11-  83 

12-  00 


11-67 
11 -S3 


12-00 
11-83 


(11-83) 


11  0 

12  0 
12  0 
12  0 
12  0 
10  30 


12  0 
12  0 


12  0 
11  30 


12  0 
12  0 


141  0 


189-95 


195-40 


177-61 
199-24 
202-18 

196-54 

199-24 


195-70 
198-38 
166-45 

192-92 


385-35 


974-81 


195-70 


949-15 


July  1 
2 
3 
6 
7 
8 
9 
10 
13 
14 
15 
16 
17 
20 
21 
22 
23 
24 
27 
28 
29 
30 
31 

Total 


19-17 

17-67 
17-17 

16-  40 

17-  67 

17-  83 

18-  00 


16 -  17 

17-  80 
16-83 


17-50 
17-80 
17-67 


12  0 

10  "30 

li'80 

9*45 

10  30 

11  30 
9  0 


11  0 
9  15 

12  0 


10  15 
10  30 
6  15 


(17-41)     134  0 


100-90 


137-56 

14i-02 
147-81 


100-90    420-89  980-02 


120-17 

114-08 

128-58 

114-13 
114-08 

95-99 


112-  44 

113-  25 
67-90 


12-00 
12-20 

12-33 

11-75 


11-  25 

12-  25 


12-,'?3 
11-80 


12-40 
11-67 


(12-02) 


12'  0 

11  0 

176-18 

192-92 

li"30 

182*25 

8*45 

143-67 

8'  0 

8  0 

137-19 
125-99 

12'  0 

11  0 

188-57 

179-84 

16'  0 

8  0 

133-95 

166-26 

100  15 

402-38 

314-83 

779-01 
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Table  II. — continued. 


Detailed  Kecorcl  of  llie  Sewage  applied  to  Permanent  Grass  Land. 
Third  Season  1862-3. 


Five-acre  Field- 

Ten-acre  Field. 

Average 
time 

Sewasc  applied 

Sewage  applied 

Time 

(calculated  pc 

r  acre). 

tiino 
tftken  tc 

Time 

(calculated  per  acre). 

Dates. 

taken  to 

lill 
Gauge- 
tame 

of 
applica 

Plot  2. 
(Area 

Plot  3. 
(Area 

Plot  4. 
(Area 

fill 
Gnuge- 
tunk 

01 

applica 

Plot  2. 
( Area 

Plot  3. 
( Aci'G 

Plot  4. 

(Al'GIl 

(3 '216 

tion. 

-99375 

- 93081 

1-00312 

(o"21G 

tion. 

-9875 

1*00019 

tons). 

acre.) 

acre.) 

acre.) 

tons). 

acre.) 

aci  e.) 

3)C1*G«) 

jjllllS. 

n.  M. 

Tons 

Tons. 

Tons. 

n.  uc. 

Tons. 

Tons. 

Tons. 

Aug.  3 
4 

a  OU 

30-00 

19  ft 

143-98 

5 

J-/  1/ 

19  ft 

144-88 

6 

, . 

13*00 

12  0 

178-08 

14*00 

10  45 

150-04 

10 

10 '00 

1ft  ft 

•• 

119-99 

•• 

•• 

11 

17-33 

12  0 

143 -.55 

12 

19-P7 

7  0 

•• 

6S-33 

•• 

17 

lG-33 

11  0 

129-33 

J  O 

IS -40 

10  45 

12i-12 

. , 

19 

23-00 

1  30 

13-52 

20 

12*33 

li'  0 

, . 

173-11 

21 

13*40 

11  0 

171-14 

24 

15-40 

i6'  0 

12i-66 

25 

15-50 

8  0 

99-09 

26 

IS -50 

13  0 

124-53 

27 

irS3 

12  0 

195-70 

31 

17-60 

10  15 

111-81 

Total  - 

(17-00) 

119  0 

409-55 

961-22 

(12*65) 

56  45 

150-04 

717-03 

Sept.  1 

15-83 

13  0 

157-13 

2 

18-33 

12  0 

125-68 

3 

, . 

13*40 

10  15 

147*57 

4 

12*50 

19  ft 

186-01 

7 

17-50 

11  0 

120-67 

8 

16-50 

11  30 

144-48 

9 

17-00 

12  0 

135-51 

10 

•• 

12*00 

0  0 

145-32 

11 

•• 

ft 

•• 

100-03 

15 

16-Ott 

12'  0 

145*63 

■• 

16 

16-75 

8  15 

102-11 

•• 

17 

13-00 

7*30 

ni-30 

18 

19-00 

12-80 

9  15 

•• 

140 "02 

21 

li"  0 

in  '1  ^ 

22 

17-40 

10  30 

•• 

125-10 

23 

18-75 

8  0 

88-45 

•• 

•• 

24 
25 

12-75 

9'  0 

136-18 

17-83 

12-00 

10  30 

109-54 

28 

li'  0 

•• 

118-44 

29 

18-00 

13  0 

129-45 

•• 

30 

19-67 

5  0 

48-80 

-  • 

Total  - 

(17-39) 

136  15 

275-08 

617-29 

660-25 

fl2-fiS1 

t  -k  OU 

•• 

640-89 

495-08 

Oct.  1 

•• 

•• 

*  * 

12-33 

13  0 

•  • 

187-76 

2 

16-50 

13-50 

8  0 

115-79 

5 

630 

81-67 

S» 

6 

16-50 
18-00 

4  30 
9  30 

63 -.36 
101-32 

•  • 

7 

19-25 

8  45 

87-20 

•• 

8 

•• 

•• 

li-80 

•lo'so 

17i-67 

•  ' 

9 
12 

17-67 

li'  0 

•• 

•• 

119-51 

12-33 

13  0 

•• 

-LOO  0/ 

13 

16-83 

12  0 

136-88 

14 

17-67 

12  0 

•• 

140-78 

•• 

-• 

15 
16 
17 

•• 

•  • 

•• 

13-00 
12-00 

is'  0 

13  0 

178-08 

17-00 

12-50 

11  0 

17i'95 

19 

5'  0 

57'U 

» 

18-00 

6  0 

63-99 

20 

17-17 

12  0 

134-17 

21 
22 
23 

17-33 

6  0 

66-47 

12-00 

2 '45 

44-21 

14-20 
13-07 

8  45 
0  0 

85-77 

118-88 

» 

24 

20-00 

i'  0 

10-37 

15-00 
11-00 

0  0 

1  0 

17-70 

77-50 

I> 

Total  - 

16-00 

4  45 

56-99 

14-00 

7  0 

96-46 

(17-42) 

99  0 

57-11 

232-82 

818-95 

(12-81) 

109  0 

391-27 

459-83 

797-06 
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Tablk  III. 

Detailed  Record  of  the  Amounts  of  Green  Produce  obtained  in  the  Experi- 
ments on  Permanent  Grass  Land. 

Second  Season  1862. 


Green  Grass  obtained  (calculated  per  acre). 


Five-acre  Field. 


"Without 
Sewage. 


Plot  1.* 


"SVith  Sewage. 


Plot  2. 


Plot  3. 


Plot  4 


Ten-acre  Field. 


Without 
Sewage. 


Plot  1.* 


With  Sewage. 


Plot  2. 


Plot  3, 


Plot  4. 


19 
20 
21 
23 

at 

25 
20 
27 

28 
30 


Monthly') 

Total  J 


§  «  5.  S 
1st  Crop. 


0  17  3  12 
0  l"2  7 


S  a  £  « 
1st  Crop. 


1st  Crop. 


0  11 

1  19 

2  8 
1  14 
0  11 
0  10 
0  9 

0  10 

1  0 


0  21 


0  19   1  19    9  15   3  9 


0  8 

0  8 

1  3 
0  13 
0  11 
U  12 
0  12 

0  11 

1  5 
0  14 
0  12 
0  13 


1st  Crop. 


1st  Crop. 
(colli.) 


0  5  2  13 
0   2  3  13 


0   8   1  20 


1  5 

3  18 

0  12 

3  9 

1  0 

2  22 

0  8 

2  24 

0  19 

1  15 

0  14 

0  23 

0  8 

1  11 

5  10 

0  10 

1st  Crop. 

(cont.) 
0  10   3  9 
0   9   0  23 
0  10   1  4 
0   9   0  25 


2   0  0  14 

0    9  3  4 

0  19  2  11 

0   7  0  20 


Total 
1st  Crop. 


5  10   0  20 


0  15 

2  14 

1  15 
1  22 

3  22 
0  26 


1st  Crop. 


7   3  6 


3  £  ^ 


1st  Crop. 


0  16  3  24 


0  4  3  6 
0  12* '2  10 


0  17   1  16 


5  2  " 
1st  Crop. 


0  17   0  9 


1  14  0  5 


0  10 

0  13 

1  0 
1  18 


1  12 
0  14 


0  21 
2  6 


0  15 
2  6 


1st  Crop. 
0  13   2  0 


0  5  3  12 
0  15  3  7 


0  17   2  21 

1  2  2  10 
1  15  3  16 


11  13  2  7 


0  13 

1  2 
0  17 
0  17 


1  0 
1  1 
0  13 
0  15 


0  15 
0  3 


[8  14  0  21] 


Total 
1st  Crop. 


8  14  0  21 


1st  Crop. 

(cont.) 


0  9 
0  15 
0  8 
0  11 
0  8 
0  10 
0  10 
0  14 
0  9 
0  8 
0  8 


3  22 
3  13 

1  2 
0  6 

2  27 
0  8 
0  17 

2  6 
0  13 

3  0 
3  7 


1st  Crop. 

(cont.) 
0   6   3  23 
0   6  1  16 
0   4   2  26 


0  4 
0  10 
0  6 


"14  3  0  21; 


Total 
1st  Crop. 


5  13  1  15 


0  10 
0  7 
0  5 
0  5 


2  26 
1  23 
1  23 
0  3 

0  12 

1  19 
1  4 

3  18 

0  12 

1  25 
0  14 


1st  Crop. 
(cont.) 


0  4  2  26 

0   5  0  12 

0  12  0  9 

0   5  2  3 

0  4  13 

0  4  2  21 

0   5  0  20 

0   4  2  27 

0  11  0  4 


7  10   2  11 


0  9 

1  10 
0  14 

0  19 

1  2 
0  12 
0  14 
0  16 
0  13 
0  13 
0  14 


1 

4 
21 
17 
16 

7 

0  27 
2  23 
2  5 

0  4 

1  6 


[14  1  0  271 


0  15  1  21 

0  13  2  14 

15  0  7 

0  13  0  4 

0  13  0  2 

0  12  1  22 

0  14  0  25 

0  12  3  1 


[16  14  0  8] 

V  — ' 

Total: 
1st  Crop. 


15  0  0  8 


1st  Crop. 

(cont.) 
0  14  1  4 
0  14  2  1 
0   7   3  3 
0  11   0  12 


2d  Crop. 


Total 
1st  Crop. 


0  18 
0  17 


0  7 

1  0 


2   7   2  20    1  15  1  7 
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Table  III. — continued. 

Detailed  Record  of  the  Amounts  of  Green  Produce  obtained  in  the  Experiments 

on  Permanent  Grass  Land. 

Second  Season  1862. 


Green  Grass  obtained  (calculated  per  acre). 


Dates 
of 
Cuttinss 

Five-acre  Field. 

Ten-acre  Field. 

Without 
Sewage. 

"With  Sowago. 

"Without 
Sewage. 



"With  Sewage. 

Plot  1. 

Plot  2. 

1    Pldt  3. 

1     Plot  4. 

Plot  1. 

Plot  2. 

Plot  3. 

Plot  4. 

July  1 
2 
3 

4, 
5 
7 
8 
9 
10 
11 
12 

■s  s  &  a 

1st  Crop. 

{cont^i 
0   2    1  10 
0   2   2  9 
0   2   0  26 

0   s'l  16 
0   2   2  17 
0   2   2  9 
0   2   3  11 
0   2  10 
0    2   2  19 
0   5   3  IS 

«   =5  . 

s  =  £  « 
■s  s  o.  a 

1st  Crop. 

icont.) 
0   9   0  '^'^ 
0   8   0  3 
0   8   1  19 
0   3   2  8 
0  15    2  8 
0   9   0  5 
0   4   2  7 
0   7   1  12 
0   7   2  11 
0  7   1  11 
0  17   2  23 

•• 
•• 

*    ^    ^  fie 

2d  Crop. 
0   o"3  8 

II  1^" 

1st  Crop. 

(cont.) 
0   5   3  6 

0   3"o  17 
0   3   1  24 
0    8    3  11 
0   4   0  25 
0   6   1  16 
0   5   2  6 

0   3"2  17 
0   6   3  27 

So  !>! 

1  i  &^ 

2d  Crop. 
•• 

•• 

2d  Crop. 
.. 

1  7"ll9 

Co      <0  , 

§  s  £  » 

2d  Crop. 

{emit.) 
0  12   3  3 
0  18   0  0 
0  15    2  0 

0  7   1  20 

1  10   3  25 
0  16   2  11 
0  16   3  22 
0  18   2  10 
0  16   0  0 
0  16  1  12 
0   7   0  11 

0   2   3  5 

U    o    i  lo 

0   3   1  19 

•  * 

0  12  2  11 

[10  11  2  9] 

15 
16 

0   2   1  12 
0   2   1  10 

0   8   1  14 
0   7   1  25 
0  7   0  12 
0  8  3  0 
0  12   0  23 

[10  19  1  27] 

0  14   2  26 
0  18   3  1 
0  14   1  26 
0  10   2  7 
15  10 

Y  '  

Total 
2d  Crop. 

17 
18 
19 

0   2  18 
0   2   2  8 
0   4   2  15 

•• 

•• 

Total 
1st  Croi). 

0   3' '3  21 

■  ^x. 
22 

0   2  16 
0   2   1  13 

0   6    0  12 
0   5   3  22 

•• 

[6  9  3  6] 

•• 

Total 
2d  Crop. 

23 
24 

0   2   0  26 
0   2   2  12 
0    2  1-3 
0   4   2  16 
0    2   1  17 
0   13  22 
0   1    3  17 
0   5   0  0 

[14  12  1  4] 

0  8  15 
0   8   2  4 
0  10   0  0 
0  15   1  14 
0   9   0  17 

0  8   2  24 

1  1   0  17 
0  17   1  8 

0   4"3  3 

25 
26 
28 
29 
30 
31 

Total 
1st  Crop. 

MontMy") 
Total  S 

3  16   0  23 

8   2  3  3 

4  19   1  19 

2  11   2  0 

0   8   2  24 

6   9   3  6 

8  16   1  2 

Aug.  1 

2 

1st  Ci'op. 

(cont.) 
0   4   3  20 
0  10    0  12 

2d  Crop. 

2d  Crop. 

0  o  's  0 

2d  Crop. 
{cont.) 

0  18   2  1 

1  2   0  23 

2d  Crop. 

2d  Crop. 
(cont.) 

•• 

3d  Crop. 

4 
5 

0   1   2  20 
0   1    3 19 

0  9  0  5 
0  9  18 
0  11  0  14 
0  12  3  8 
0  9  3  20 
0  19  3  9 
0  9  2  9 
0  9  3  3 
0  9  2  15 
0  12  1  24 
0  9  11 
0  18  1  4 
0  12  1  11 
0  10  1  1 
0  10   0  19 

[7   0   0  15] 

^  V  ' 

. , 

C 
7 
8 
9 
11 
12 
13 
14 
15 
16 
18 
19 
20 

0   2  10 
0   2   0  1 
0   2   0  21 
0   4   1  13 
0   1    3  27 
0   12  9 
0    1    2  20 
0    2    3  11 
0   1   3  16 
0   2   3  26 
0   2   1  12 
0   1   3  16 
0   1   3  19 

Total 
2d  Crop. 

•• 

,  , 

■• 
•• 

■■ 
.. 
•• 

0  16*  0  22 
0  10   1  0 

0  15   3  1 

•• 

■  • 

•• 

21  [ 

e  13   1  3^ 

0   8   2  14 

22 
23 

Total 
1st  Crop. 

0  10  1  4  [ 
0  19  0  27  ^ 
0   8   1  25 
0   9   2  20 
0  10   1  9 

0   9   2  14 
0   9   0  13 

0  19   3  10 

1  Ifi    2  10 

■y  12   0  25] 

0  18   1  11 

25 
26 
27 

28 
29 
30 

Monthly')  " 
Total  j 

 ^  J 

Total 
2d  Crop. 

1  17   2  24 
0  13   1  5 
0  17   2  10 
0   3   0  14 

0  10"3  13 

0   3   1  19  [ 

0   3    1  24 
0   4   3  13 

0  11   3  0 

7  0  3  27^ 

0  18   1  21 
0  15   0  7 
0  11  1  23 

2  15   3  8 

2   8    2  10 

9  12   0  25 

2   0   2  24 

Total 
2d  Crop. 

6  12  1  3 
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Table  ]II. — continued. 
Detailed  Eecord  of  the  Amounts  of  Greeu  Produce  obtained  in  the  Experiments 

on  Permanent  Grass  Land. 
Second  Season  1862. 


.  Dates 
of 

Cuttings. 


Green  Grass  obtained  (calculated  per  acre). 


Pivo-aore  Field. 


"Without 
Sewage. 


Plot  1. 


With  Sewage. 


Plot  2. 


Plot  3. 


Plot  4. 


Ten-acre  Field. 


"Without 
Sewage. 


Plot  1. 


"With  Scwa^o. 


Plot  2. 


Plot  3. 


Plot  4. 


Sept. 


9 
10 
11 
.12 
13 

15 
16 
17 
18 
19 

20 
22 
23 
24 
25 
26 
27 
29 
30 


Monthly  \ 
Total  i 


2  -£2 
S  S 


2d  Crop. 
{cont.) 
0  10   2  25 


0  11 
0  10 
0  10 
0  10 
0  19 


0  9 
3  13 

1  10 
0  10 

2  22 


0   7   2  5 


[8  16  3  26] 


Total 
2d  Crop. 


3d  Crop. 


0  17 
0  19 

0  18 

1  2 

0  18 

1  17 


0  21 
0  0 


4   0   1  10    6  12   2  10    9  15   0  0 


•?  .2  .• 
8   o  P  s 

3d  Crop. 


0  1  3  15. 
0  10  0  14 
0  18   0  6 


0  n 
0  10 
0  11 
0  11 
0  11 

0  18 
0  10 
0  9 
0  10 
0  11 
0  10 
0  18 
0  10 
0  10 


0  27 
2  14 

2  6 

3  23 

1  3 

0  22 
0  22 
0  26 
0  0 

2  9 
0  16 
0  12 
2  18 
0  19 


[9  15   0  0] 


Total 
3d  Crop. 


5  »  £ 
S  S  &  S 

2d  Crop. 
(cont.) 
0  3  2  16 
0 


0  4 


0  6 
0  7 
3  i1 
17 


0  10  2  25 

0   5  0  23 

0  4  1  20 

0   5  0  8 


3  10 
1  12 
3  9 


L3  19  3  17] 


Total 
2d  Crop. 


3  C  S.  S 
3d  Crop. 


3d  Ci-op. 


0  3  11 
0  0   0  24 


0  17 
0  17 
0  16 

0  16 

1  13 


1  1 

2  22 
0  14 
0  7 

3  1 


[9  16  1  22j 


0  16   0  8 


3   8   0  17    0  16  0  8 


1  1  2  24 
0  17  3  22 
1113 
0  16  0  7 
0   9   0  8 


i  i 


11 


3d  Crop. 

(cont.) 
0  14  1  13 


0  10 
0  14 

0  19 

.J  9 

1  9 


0  0 
0  0 
0  2 
2  12 
2  KJ 


[8  18  1  20] 


Total 
3d  Crop. 


Total 
3d  Crop. 


16   1  22    6   2   2  12 


Oct, 


6 
7 

8 
9 
.10 
11 

13 
14 
15 
16 

17 

18 
28 

29 
30 
31 


2d  Crop. 


0  4 


1  24 

2  1 


Monthly ") 
Total  ± 


0  2  13 

0  2  18 

0  2  10 

0  2  14 


[1  10  0  7] 
V  .  


Total 
2d  Crop. 


1  10  0  7 


Sd  Crop. 


0  8  3  14 

0  17  3  6 

0  6  3  10 

on  0  24 

0  9  15 

0   9  19 

0   9  1  17 

0   5  2  8 


"3  18   1  9] 


Total 
3d  Crop. 


4th  Crop. 
0  10  2  7 


3d  Crop. 
(cont.) 
0  14  0  19 
0  10   2  25 
0   3   2  7 


[8   10  5] 


Total 
3d  Crop. 


4th  Crop. 
0  14  1  13 
0  10   1  25 


Total 
4th  Crop. 


4  8  3  16 


"1  4  3  10 


Total 
4th  Crop. 


2  13   1  5 


4tli  Crop. 


0 
0 
0 

0  4 


9  2  1 
8  1  25 
8   3  18 


[111114^ 


Total 
4tli  Crop. 


1  11  1  14 


3d  Crop. 
(cont.) 
0  12  3  3 
0  14  3  3 
0  14  0  20 

0   9   3  24 


:3   7   3  2] 


Total 
3d  Crop. 


4th  Crop. 
0  8  1  11 


Total 
4tli  Crop. 


3  0  0  5 


4th  Crop. 


0  12  1 
0  19  1 
0  3  1 


[1  14  3  15] 

V  ,  ' 

Total 
4th  Crop. 


4th  Crop. 


0  18  2  0 


15  2  4 
0  17   0  15 

0  o' 's  14 

[3   2   0  5] 


1  14   3  15 


Total 
4th  Crop. 

5th  Crop. 
0  6  0  21 
.  .  ' 

Total 
5th  Crop. 

3  8  0  26 
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Table  17. 

Detailed  Eecord  of  the  Ajiouxts  of  Green  Produce  obtained  in  the  Experi- 
ments on  Persllnent  Grass  Land. 

Third  Season  1863. 


Dates 
of 

Cultiiigs. 


Green  Grass  obtained  (calculated  per  acre). 


Plve-acre  Pleld. 

Ten-acre  Field. 

Without 
Sewage. 

With  Sewage. 

Without 
Sewage. 

With  Sewage. 

Plot  1. 

Plot  2. 

Plot  8. 

Plot  4. 

Plot  1. 

Plot  2. 

Plot  3. 

Plot  4. 

April  20 
21 
22 
23 
25 
27 
28 
29 
80 

Jfonthly  > 
Total  S 


May 


1 
2 
4 
5 
6 
7 
8 
9 

11 
12 
13 
14 
15 

10 
18 
19 
20 
21 
22 
23 
25 

26 
27 
28 
29 
30 


&  ;9 


1st  Crop. 


0  14  2  20 

0  17  1  18 

0  18  3  17 

1  5  3  13 


3  10   3  12 


1st  Crop. 


1st  Crop. 


0  16  0  13 


1st  Crop. 
0  12  1  21 


2  I 
0  15 
0  12 
0  14 


0  5 
2  19 
2  20 
2  20 


1   3   2  14 


2  9  0  16  [9  16  3  27] 
1  10  3  15 


0  11  8  8 


0  16 
0  12 
0  11 

0  11 

1  5 


2  11 
1  14 

1  1 

2  1 

3  18 


1  15   3  20 


1  15  2  24 
1  13  0  4 
in    1  19 


0  12  2  13 
[12  4  8  18] 


4   9    1  25 


Total 
1st  Crop. 


12  4  3  18 


Total 
1st  Crop. 


G   0.  0  15 


2  -2 


1st  Crop. 


0  19  1  9 

1  4  3  11 

1  12  2  14 


1  13  0  15 
1  14  3  15 
I  15   1  16 


9   0   0  24 


1st  Crop. 
0  10  1  0 
0  14  3  0 
0  15   1  0 

0  10  1  0 


0  18   1  0 


3  14  3  0 


1st  Crop. 


0  15  3  0 
2   0   3  27 


0  16  2  0 
0  14   2  0 

[8^^2^7] 

Total 
1st  Crop. 


4  7  2  27 
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Detailed  Record 


Table  IV — conlinued. 

of  the  Amounts  of  Green  Produce  obtained  in  the  Experiments 
on  Permanent  Grass  Land. 
Third  Season  1863. 


Dates 
of 

Cuttings.' 


Fivc-acro  Field. 


Green  Grass  obtained  (calculated  per  acre). 


Without 
Sewage. 


Plot  1. 


With  Sewag^. 


Plot  2. 


June  1 
2 
8 
4 
5 
6 

tons. 

  dots. 

qrs. 
Us. 

1st  Crop. 

(COJWI.) 

0  11   3  22 

0  10    0  14 

1  10   1  21 

8 

Q 

10 

1  1 
J.1 

12 
13 
15 
16 
17 

0  13" '2  18 

18  3  5 

19  3  7 

18 

[1014  1  0] 
V  ,  / 

19 
20 
22 
23 
24 
25 

Total 
1st  Crop. 

26 

27 
29 
30 

Monthly"/ 
■  Total  j 

G   4   3  3 

Plot  3. 


Plot  4. 


2  -S  ^ 
S  S  £  2 

2d  Crop. 


0  IG  2  7 
0  14   3  10 


0  18  3  6 
0  19   1  25 


2d  Crop. 


2  5  3  18 
1  11  1  11 


4  6  3  0 
2  9  1  27 


10  13  2  0] 


3   9   2  20 


Total 
2d  Crop. 


10  13  2  0 


Ten-acre  Field. 


Without 
Sewage. 


Plot  1. 


AVith  Sewage. 


Plot  2. 


Plot  3. 


1st  Crop. 


0  4  0  11 

0  5  2  3 

0  5  3  25 

0  6  3  1 

15  3  0 

0  19  3  13 


3   7   3  25 


2  C  c.  S 
1st  Crop. 


1  10  3  14 


1  n 

1  10 
1  13 
1  12 
1  12 
1  19 


2  3 

3  1 

1  24 

2  5 
2  17 
2  13 


1  10   2  1 


[13  1  3  22] 


■2  5  &  S 
1st  Crop. 
(cont.) 


1  13  0  8 
0  18  0  23 
0  17   2  8 


Plot  4. 


ft5  «9 
II 
2d  Crop. 


[12  9  0  7] 


Total 
1st  Crop. 


Total 
1st  Crop. 


13  1   3  22 


2d  Crop. 
0  12  1  19 

0  9  16 

1  5   2  14 


1  15   0  0 


7  6  0  23 
2  12  1  26 


[1113  2  21] 
J 

Total 
2d  Crop. 


5  16   0  22 


11  13   2  21 


July 


10 

11 
13 

14 
15 
16 
17 
18 
20 
22 
23 
24 
25 
27 

28 
29 
30 

31 


1st  Crop. 


2  6  0  6 


0  4  0  23 

0  3  0  23 

0  4  0  13 

0  3  0  1 


0  9  14 
0  3  2  17 


0  5  1  11 


[8  18  3  14]  [6  7  3  9 


Total 
1st  Crop. 


2d  Crop. 


0  10 
0  13 

0  IG 

1  0 
1  8 
1  4 


0  19 

1  11 

1  11 
0  0 
0  27 

2  23 


0  15   0  2 


Total 
2d  Crop. 


Monthly||3,3 


6739    5  17  22 


2d  Crop. 
(cont.) 
10   3  0 


0  16  1  0 
0  17  3  20 
10   0  9 


1  7  1  12 
0  15   0  17 


[9   7  0  22] 


Total 
2d  Crop. 


1st  Crop. 

(coni.) 
0  14   0  22 
0   7   3  15 
0   8   0  7 
0  12   0  11 


0  6  1  24 
0  4  1  26 
0   6   3  6 


2d  Crop. 


[6  7   3  24] 


Total 
1st  Crop. 


2  19  3  27 


2d  Crop. 
(cont.) 

0  12"o  20 
0  15  8  19 
16   0  3 


1  0  0  17 
1   0   3  10 

[7   2   1  24] 


3d  Crop. 


Total 
2d  Crop. 


0   6  3  10 

0  15  0  3 

0  13  3  20 

1  9  2  13 


0  18  2  20 
112  2 
0  7   1  16 


[5  13   0  0] 


Total 
2a  Crop. 

5  13   0  G 


4  15   0  13 


0   9   3  12 


0   9.''  1*- 
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Table  IV. — continued. 

Detailed  Eecord  of  the  Amounts  of  Green  Produce  obtained  in  tlie  Experiments 

on  Permanent  Grass  Land. 

Third  Season  ]  863. 


Dates 
of 

Cuttings. 


Green  Grass  olotained  (calculated  per  acre). 


rive-acre  Field. 


■Without 
Sewage. 


Plot  1. 


"With  Sewage. 


Plot  2. 


Plot  3. 


Plot  4. 


Ten-acre  Field. 


Without 
Sewage. 


Plot!. 


With  Sewage. 


Plot  2. 


Plot  3. 


Plot  4. 


Aug.  1 

3 
4 
6 
6 
7 
8 

ao 
11 

12 
13 
14 

15 
17 
IS 
19 
20 
21 
22 

24 
25 
2G 
27 
28 
29 
31 


3d  Crop. 


1  12  3  10 
1   3   2  15 


16  1 


3d  Crop. 


1  11 

0  18 
0  14 
0  19 
0  19 


1  3 
0  18 
3  26 

2  3 
0  3 


0  16  2  5 
0  19    0  3 


[6  18    2  5'^ 


4   2   3  5 


Sept.  1 

2 
3 
4 
6 


9 
10 
11 
12 
14 
35 
16 
18 
19 
21 
22 
23 
24 

25 
26 


2d  Crop. 


28 
29 
30 


Total 
3d  Crop. 


4th  Crop. 
0  17   1  11 


S  5 


7  15   3  16 


2  ■§ 


3d  Crop. 


0  14 
0  12 

0  15 

1  0 

0  15 

1  15 


0  20 


5  14  3  0 


i  - 

3d  Crop. 
(cont.) 


0  15   2  0 


0  16  0  0 
0  14   0  0 


0  15 
0  15 
0  16 
0  16 

0  16 

1  12 


1  0 

2  0 
1  0 
1  14 

3  0 
0  0 


:8   6   1  261 


Total 
3d  Crop. 


7  16   2  14 


3d  Crop. 


0  5  2  8 
0  3  2  24 
0  10   2  23 


Total 
2d  Crop. 


0  19  3  27 


1  0  3  15 
0  14  0  10 

0  12  *2  2 


3d  Crop. 
{coiU.) 


0  15   1  7 

1  8   1  17 


0  16  1  0 


4tli  Crop. 
(cotii.) 

0  18   2  3 


[7   2  3  1] 


Total 
3d  Crop. 


2   7  1  27 


4th  Crop. 
1  2  0  25 
1  11  0  17 
0  18  3  13 


6  12   0  23 


1  8  0  11 
113  8 


0  14  1  27 


0  14  2  13 

0  17  0  11 

1  1  1  23 
0  17  3  18 


2d  Crop. 


[8  11   1  ISj 


Total 
4th  Crop. 


7  14  0  2 


0  11 


3d  Crop. 


3  U 


1  1   0  14 


LI  12  3  23] 


Total 
2d  Crop. 

1  12   3  23 


0  18  0  11 
110  1 


0  17  3  11 
14   2  6 


0  17   3  13 

1  1   2  16 


3d  Crop. 
{conf.) 


1   5   1  12 


[7   0   0  12] 


Total 
3d  Crop. 


4th  Crop. 
0  12"3  0 


[6   10  2] 


Total 
3d  Crop. 

6  10  2 


1  6  1  12 


0  12   3  0 
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Tabic  IV.  — continued. 

Detailed  Record  of  the  Amounts  of  Green  Produce  obtained  in  the  Experiment.s 

on  Permanent  Grass  Land. 

Third  Season  1863. 


Green  Grass  obtained  (calculated  per  acre). 


I'ive-acrc  Field. 


"Without 
Sowage. 


Plot  1. 


With  Sewage. 


Plot  2. 


Plot  3. 


Plot  4. 


Ten-acre  Field. 


Without 
Sewage. 


Plot  1. 


With  Sewage. 


Plot  2. 


Plot  3. 


Plot  4. 


•s  s  t.  a 


Kov.  27 

23 


Monthly  I 
Total  i 


3  •tS 

S  2 


Gd  Crop. 

{C07lt.) 


0  15  3  11 
0  19   2  11. 


[4   2   3  2i] 


Total 
3d  Crop. 

4th  Crop. 
0   0   0  13 

0   7   3  5 


[0 10  3  is; 


Total 
4th  Crop. 


2  12  1  15 


4tli  Crop. 
(cont.) 


1  13   1  5 


0  13   2  0 


s  s  5.  a 

Sth  Crop. 


[5  18   0  41 

Total 
4th  Crop. 


0  14  1  20 


Sis-:.: 
•2  s  &  a 


Total 
5th  Crop. 


0  14  1  20 


5th  Crop. 
0   3   0  16 


Total 
Sth  Crop. 


0   3   0  IG 


5th  Crop. 
0   5   2  10 


Total 
5th  Crop. 


0   5   2  10 


6th  Crop. 
0   5   2  24 


Total 
Cth  Crop. 


0  5  2  2'li 


2  -2 


4th  Crop. 


0  9   0  20 

1  4  0  23 
1  16   2  3 


^3   9   3  20] 


Total 
4th  Crop. 


3   0   3  20 


4th  Crop. 

(cont.) 
1  10  0  0 

0  19  3  21 

r  10  3  10 


0  17  0  14 
0  14  2  14 


[G  5  1  3] 


Total 
4th  Crop. 


12   2  3 


4th  Crop. 


0   9  16 

TotaT 
4th  Crop. 


0  9  16 


Sth  Crop. 


0  10  0  5 


Total 
Sth  Crop. 


5th  Crop. 


0  11  2  0 


Total 
oth  Crop. 


0  10   0   5    0  11   2  t' 
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Table  V. 

Detailed  Record  of  the  Sea\^age  applied,  and  of  the  Amounts  of 
Green  Produce  obtained  in  Experiments  on  Italian  Rye-grass. 

Season  1863. 


Average 
time* 
t.akcn  to 

Time 
of 

Scw.ago  applied 

Green  Grass  obtained  (calculated 
per  acre) . 

Dates. 

(calculated  per  acre). 

•Without 
Sewage.^ 

With  Sewage. 

nil  Gauge- 
tank 
(3-30S 
tons). 

applicJir 
tion. 

Plot  2. 

(Area 
0-999 
aero.) 

Plot  3. 

(Area 
0-99S31 
acre.) 

Plot  1. 

(Al'Gti 

1-00184 
acre.) 

Plot  2. 

(Area 
0-999 
acre.) 

Plot  S. 

(Area 
0-99831 
acre.) 

Apvil  24 
25 
27 

Mins. 
•• 

n.  M. 
•• 

Tons. 

Tons. 

1st  Crop. 

ii  ^  ^ 

.§  S  5  E2 

1st  Crop. 

0  17   0  2 

1  12   0  17 
0  14   1  1 

5  S  &  S 

1st  Crop. 
1  10   2  6 
0  16   0  3 
19  16 

23 

1  3  2  16 

10    0  2 

[3  15    3  15] 

29 

91-67 

12  0 

26-03 

1   5   2  21 

[4   3   1  22] 
^  ,  ' 

Total 
1st  Crop. 

SO 

101-67 

11  15 

22-00 

0  15   0  12 

Total 
1st  Crop. 

Monthly  ■) 
Total  S 

(96-21.) 

23  15 

48-03 

3   4   1  21 

4   3   1  22 

3  15  3  15 

May  1 
2 
4 

1-20 -00 
107-50 
137-50 

12  0 
11  SO 
5  0 

19-87 

21-27 
7-23 

0  11   0  22 
0  12   0  21 
0  11   1  8 

5 
6 

133 -.33 
120-00 
117-50 
122-50 
120  00 
193 '33 

137-50 

88-75 
112-50 

75-00 

72-50 

69-00 

67-50 

05-60 

71-  25 

72-  60  1 

12  0 
11  ,30 
11  .30 
11  15 

11  0 

12  0 

10  0 

11  30 

12  0 
4  30 

12  0 
12  0 
4  30 
12  0 
10  45 
10  30 

19-64 
lS-21 
25-75 
82-89 
36-34 

17-S9 

p   2   0  10] 

■• 

•• 

7 
8 
9 
11 
12 
IS 
14 
18 
.  19 
.  20 
27 
28 
29 
30 

Monthly  ■) 
Total  j 

19-46 
IS -26 

19-33 
11-46 

21-21 
11-93 

.34-58 
13-25 

SO '60 

28-76 

y 

Total 
1st  Crop. 

•  *  1 

2d  Cro]). 
0  7  1  21 
0   2   3  22 
0   7   3  18 
0  13.  0  2 

(95-80)  1 

197  30 

152-10 

257 -Co 

1  17    2  23 

1 11  i~r 

June  1 
2 
3 
4 
5 
C 
8 
9 
10 
11 

12 
13 
15 
IG 
17 
18 
19 
20 
22 
23 
24 

25 
26 
27 
20 
SO 


Monthly  ■) 
Total  ) 


88 -75 
78-75 

101-  67 

95-  00 
90-00 
90-00 
97-50 

130-00 

85-  00 
76-00 

87-50 
73-75 
116-67 

102-  50 

96-  25 
93-75 

86-  25 

85-  00 

86-  25 
83-33 

(6-OOtanks) 

(6-00  , 
(5-75  , 
(5-25  , 


10  15 
12  0 

8  45 

10  SO 
12  0 

11  0 

9  15 

11  0 

10  15 

12  0 

12  0 

11  0 
8  SO 

11  15 

8  45 

12  0 
12  0 

9  0 
8  45 
7  0 

12  0 


22-95 
21-96 


14-48 
25-43 


20-16 

16-  69 

19-87 
19-04 

17-  38 


30-  30 

17 -  u 

2B-51 
24-30 

18-  86 
16-82 
23-97 

31-  39 

27-27 
29-65 

21-82 
18-07 

27-66 
21-05 


10-83 


177-96 


351-66 


2d  Crop. 
0   5  10 


2d  Crop. 

0  17  3  18 

0  15  0  20 

1  1  3  16 
1   0  3  17 

1  11  3  11 

2  6  2  3 
13  3  1 


[7   11  27] 


[8  IS  0  2] 


Total 
2d  Crop. 


8  18   0  2 


0  7 

0  17 

1  4 
0  12 
0  0 
0  8 
0  10 

0  14 

1  2 
0  8 
0  3 


2  25 
0  2 
2  6 

0  25 

1  1 
21 
21 

2 
3 
8 
25 


Total 
2d  Crop. 


0  7 
0  7 
0  7 
0  11 

0  6  , 
0  14  0 
0  10  0 
0  6 
0  6 
0  6 


2  1 
1J.5 

2  13 
1  2 
0  3 

3 
2 

0  21 

3  9 
3  11 


[5  14   0  3] 


Total 
2d  Crop, 


3d  Crop. 
0  3  11 


0  5 
0  9 
0  11 
0  10 
0  7 


0  16 

1  2 

2  16 
1  13 
1  25 


7   1   1  27 


10746. 

G 
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Table  Y .— continued. 
Detailed  Record  of  the  Sewage  applied,  and  of  the  Amounts  of  Green 
Produce  obtained  in  Experiments  on  Italian  Rye-grass. 

Season  1863. 


Dates. 


Average 
Time  • 

taken  to 
fill  Gauge- 
tank 
(3-308 
tons). 


Time 
of 
applica- 
tion. 


Sewage  applied 
(calculated  per  acre). 


Plot  2. 

(Area 
0-999 
acre.) 


Plot  3. 

(Area 
0-99831 
acre.) 


Green  Grass  obtained  (calculated 
per  acre). 


Without 
Sewage. 


Plot  1. 

(Area 
l-001«4i 
acre.) 


With  Sewage. 


Plot  2. 

(Area 
0-999 
acre.) 


Mins. 

1 

ir.  M. 

Tons. 

.Tons. 

July  1  ( 

3-25tanks) 

10-76 

2  ( 

5-75    „  ) 

•■ 

19-04 

•• 

3  ( 

5-00    „  ) 

•• 

16-57 

4 

S-00    .,  ) 

•• 

9-93 

6 

1-50    „  ) 

•• 

•• 

4-97 

30-50 

2  0 

13-04 

7 

4-7otanks) 

•• 

15-73 

it 

..  8 

31-50 
2-75tanks) 

2  0 
•• 

12-02 

•  • 

9-11 

»  ■ 

26-50 

2  0 

•• 

15-01 

9 

(6-OOtanks) 

•■ 

19-87 

(4-73    „  ) 

•• 

15-67 

11 

(6-30    „  ) 

•• 

•• 

20-88 

13 

(2-52    „  ) 

8-35 

1) 

24-50 

2  0 

•• 

16-23 

14 

(3-OOtanks) 

•• 

•• 

9-94 

» 

23-50 

2  0 

•• 

16-92 

16 

(5'18tanks) 

•• 

•• 

17-16 

24-50 

2  0 

•• 

16-28 

le 

(6-75tanks) 

•• 

•• 

22-37 

24-00 

2  0 

16 -57 

17 

(4-93tauks) 

•■ 

•  • 

16-34 

24-50 

2  0 

16-23 

18 

(6-OOtanks) 

•• 

19*88 

20 

(3-00  ) 

•• 

9-94 

23-50 

2  0 

16*92 

21 

(4-OOtanks) 

13-25 

)i 

25-50 

2  0 

IK*  KQ 
10  OD 

22 

(3'75tanks) 

12-42 

. . 

25-50 

2  0 

15-68 

23 

(7-OOtanks) 

23-20 

29 -.50 

2  0 

13-48 

24 

(6-83tanks) 

22-62 

32-50 

2  0 

12-23 

25 

(2-30tanks) 

.. 

7-62 

» 

28-00 

2  0 

14-20 

27 

(3-55tanks 

.. 

11-76 

»» 

29-60 

2  0 

13-48 

28 

(I'OOtank) 

3-31 

32-50 

2  0 

12-23 

1) 

29 

(0'93tanks 

) 

3-O8 

30 

(6-93  „ 

) 

22-95 

17-99 

31 

(5-43  „ 

) 

Monthly  " 
Total  j 

218-12 

403-14 

Plot  3. 

(Area 
0-99831 
acre.) 


} 
1 
} 
} 

} 


2  -2 


■§  c  &  a 

3d  Crop. 
0  6  11 

0  11  0  18 

0  7  0  1 

0  14  0  3 


3d  Crop. 
0  10  0  11 


0   8   2  1 


0   9  12 


0  14  1  3 


0  5 
0  7 


0  9  0  12 
0  15   2  10 


[7   7   1  13] 


Total 
3d  Crop. 


0  13 


0  6 


0  10  0  27 

0  13  0  1 

0  6  3  9 

0  7  0  15 

0  10  2  1 


0 


2  25 


0  7  0  17 

0  13  2  22 

0  7  0  7 

0   2  .3  C 


[5  16  3  21^ 

Total 
3d  Crop. 


5  10  .3  21 


4th  Crop. 
0  6  0  15 

0  7  2  1 
0  9  18 
0  7  2  1 


0  10  2  21 


counted. 
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Table  V. — continued. 
Detailed  Eecorcl  of  the  Sewage  applied,  and  of  the  Amounts  of  Green 
Produce  obtained  in  Experiments  on  Italian  Rye-grass. 
Season  1863. 


Average 
time  * 

taken  to 
fill  Gauge- 
tank 
(3 -SOS 
tons) . 


Time 
of 
applica- 
tion. 


Sewage  applied 
(calcnlatcd  per  acre). 


Plot  2. 

(Ai'ea 
0-999 
acre.) 


Plot  3. 

(Area 
0-99831 
acre.) 


.l-OOtnks. 

0-  83  , 

4-  00  , 
3-00  ,, 

5-  65  ,, 
3-48  „ 
4'41  „ 
2-88  „ 

(3-20  ,; 

(1-00  , 

2-62  , 

2-  60  , 

3-  25  , 
(2-30  , 
[1-00  , 

;3-40 

3-30  , 

3-  15  , 

1-  55  ,.. 
(3-56  „ 
'5-46  „ 

5-40 

4-  81 

5-  30  , 


Tons. 
13-25 
13-25 
18-71 

9-54 

10-  60 

8-61 
7-62 

11-  26 
10-43 


17-55 


120-82 


Tons. 

2-75 

9-94 

11-53 
14-61 


3-31 


10-77 

3-31 
18-69 

10-  93 

5-14 

11-  80 
18-09 
17-89 

15-94 


163-38 


Green  Grass  obtained  (calculated 
per  acre). 


Without 
Sewage. 


Plot  1. 

(Area 
1-00484 
acre.) 


"With  Sewage. 


Plot  2. 

(Area 
0-999 
acre.) 


Plot  3. 

(Area 
0-99881 
acre.) 


3rd  Crop. 
0   5   3  2 


0  5 

0  4 

1  21 


0  4  2  11 
0   3   2  26 


1  24 
3  0 


0   2   2  4 


[2  0   1  13] 


Total 
3d  Crop. 


2  0  1  13 


i  S.  tS 


4th  Crop. 
0   5   3  15 

0   4  1  16 

0   2   0  12 


2  20 

2  21 

3  0 


0  G  3  21 
0   1  3-20 


[1  14  1  18] 


Total 
4tli  Cropl 

1  14  1  13 


§ 

•K> 

o 

■b.  s 

0 

8 

2  2 

0 

5 

0  8 

0 

9 

0  4 

0 

5 

2  23 

0 

6 

2  23 

0 

5 

3  1 

0 

9 

3  26 

0 

1 

2  0 

Total 
4th  Crop. 


5th  Crop. 
0  8    1  12- 


3  0  2  10 


5-lltnks.) 

4-  45  „  ) 
(3-45   „  ) 

5-  34  „  ) 
3-81  „  ■ 
(4-40  ,, 


(2-86 

2-  90 
5-61 
(2-31 

(2-46 
(4-40 
(1-86 
(2-73 
(3-60 
(1-50 
(3-98 

3-  33 

1-  00 

3-  45 

4-  00 

2-  00 
4-44 

00 
90 


i?: 


11-42 
14-57 

8-  15 

9-  04 

4-  97 

5-  30 

6-  62 


60-07 


16-  93 
14-75 

17-  70 
12-63 


9-48 
9-61 
18-59 
7-65 


14-58 
6-16 

11-93 

13-i9 
11-03 

11-43 

13-  25 

14-  71 
9-94 
6-30 


[0    9   2  7] 


219-80 


4th  Crop. 
0  2  1  19 
0  4  0  8 
0    3    0  8 


Total 
4th  Crop. 


5th  Crop. 
0  13  4 

0  1   2  24 


0  4  2  14 
0  4  2  10 
0    0    2  10 


0   9   2  7 


[0  13   1  6] 


Total 
5th  Crop. 


0  13  1  6 


0  4  0  17 
0   4   3  1 


0  21 
3  11 

1  7 
3  10 


[2   0   1  23]' 

Total 
5th  Crop. 


1  12  0  11 


*  When  the  mmber  of  tanks  is  given,  the  flow  was  too  slow  and  irregular  to  estimate  it  by  the 
average  time  taken  to  fill  the  gauge-tank,  and  therefor  the  actual  number  of  tankfids  was 

Gl  2 


100 

Table  V, — contijiued. 


Record  of  the  Sewago  applied,  and  of  llie  Amounts  of  Green 
L  reduce  obtained  in  Experiments  on  Italian  Rye-grass, 

Season  1863. 


Average 
timo  * 

Time 

Sewage  ap])lie(l 
(calculated  per  acre). 

Green  Grass  obtained  (calculated 
per  acre). 

Dates. 

taken  to 
nil  Gauge- 
tank 
(3-303 
tons). 

of 

Without 
Sewage. 

AVith  Sewage. 

applica- 
tion. 

Plot  2. 

(Area 
O-9'JO 
acre.) 

Plot  8. 

(Area 
0-99831 
acre.) 

Plot  1. 
acre.) 

Plot  2. 

(Area 
0-99'J 
acre.) 

Plot  3. 

(Arefl. 
0-99831 
acre.) 

n.  M. 

Tons. 

Tons. 

•S  E  5  S 

§  •§  ?  « 
•2  S 

§  1 

•2  S  &  S 

Oct.  1 

(7-28tnks.) 

•• 

24-11 

2 

(2-30  „  ) 

•• 

8-28 

3 

(3- SO  „  ) 

•• 

12-58 

5 

(4-32  „  ) 

•• 

,  , 

14-82 

.. 

'  « 

6 

(3'53   „  ) 

•• 

•• 

11-70 

•• 

•• 

7 

(1-S7  „  ) 

•• 

G-19 

•• 

•  • 

•■ 

8 

(5-37  „  ) 

17-79 

•• 

•  * 

9 

(7-16  „  ) 

23-73 

•  ■ 

10 

(4"60   „  ) 

15-23 

15 

•• 

•• 

•• 

6th  Crop. 
0  17  2  3 

IG., 

•• 

•• 

•• 

0  11  0  2 

17 

•• 

•• 

6th  Crop. 
0  12  2  1 

0  14  2  7 

21 

0  13  1  15 

[2  3   0  12] 
>.  < 

23 

5th  Crop. 

0   6   0  9 
\  J 

[15   3  16]^ 

V 

Total 
0th  Crop. 

Total 
5th  Crop. 

V 

Total 
6th  Crop. 

THonthly  \ 
Total  S 

5S-11 

75-88 

j 

0  C  0  9 

1  5  3  16 

2   3   0  12 

*  Wlien  the  numher  oftanhs  is  given,  the  flow  was  loo  slow  and  iiTcirular  to  estimate  it  by  the 
average  time  taken  to  'liU  the  gauge-tank,  and  therefore  the  actual  nimibcr  of  taiikfuls  was 
counted. 
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Table  VI. 

Detailed  Record  of  Food  consumed,  and  Increase  yielded,  by  Oxen  fed  on 
Unsewaged  and  Sewaged  Meadow  Grass,  with  Oilcake  in  addition. 

Season  1862. 
28  days,  from  May  8  to  June  5. 


Dates 
of 

weigh- 
ing. 


Two  Oxen  on  tTnsowaged  Grass. 


Eight  Oxen  on  Sewaged  Grass. 


Particulars  of  the  Food  consumed. 


Grass. 


Prom 


Field.     Plot,*  Crop. 


Quantities 
(weighed 
gi-een). 


Oil- 
cake.t 


Grass. 


Prom 


Pield. 


1802. 

tons. 

•2 

s 

qrs. 
lbs. 

lbs. 

tons. 

s 

lbs. 

00 

1 

0 

]^ 

2  11 

a 
O 

Jc  lVG'3-CrG 

0 

Q 

o 

0  15 

24 

9 

)i 

00 

1 

0 

3 

0  11 

6 

a 

4 

1 

0 

8 

2  14 

24-  ■ 

10 

)i 

1 

0 

2 

0  17 

(J 

4 

0 

9 

2  9 

94, 

-  11 

»» 

1 

0 

2 

0  17 

0 

4 

1 

0 

9 

2  9 

24 

12 

»» 

4 

1 

0 

2 

0  14 

6 

ti 

4 

1 

0 

11 

1  11 

24 

13 

ft 

4 

1 

0 

2 

0  24 

6 

It 

4 

1 

0 

9 

3  0 

24 

U 

>> 

4 

1 

0 

2 

1  6 

6 

ti 

4 

1 

0 

9 

3  22 

24 

15 

a 

4 

1 

0 

2 

1  17 

6 

4 

1 

0 

10 

1  6 

24 

16 

>» 

00 

1 

0 

2 

0  14 

6 

ly 

4 

1 

0 

11 

2  1 

24 

17 

it 

4 

1 

0 

2 

0  12 

6 

4 

1 

0 

10 

2  21 

24 

IS 

it 

4 

1 

0 

2 

0  11 

6 

It 

4 

1 

0 

10 

2  21 

24 

19 

tt 

4 

1 

0 

2 

0  24 

6 

4 

1 

0 

12 

0  27 

24 

20 

it 

4 

1 

0 

2 

1  11 

6 

a 

4 

.  1 

0 

10 

1  8 

24 

21 

It 

4 

1 

0 

2 

1  22 

6 

it 

4 

1 

0 

10 

3  15 

24- 

22 
23 

00 

1 

0 

2 

2  6 

0 

3 

1 

0 

9 

3  0 

24 

tt 

00 

1 

0 

2 

0  14 

6 

it 

3  ■ 

1 

0 

9 

0  7 

24 

24 

ti 

00 

1 

0 

2 

0  11 

6 

13 

3 

1 

0 

10 

3  10 

24 

25 

it 

3 

1 

0 

2 

0  14 

6 

3 

1 

0 

10 

3  9 

24 

26 

li 

3 

1 

0 

2 

0  27 

C 

it 

3 

1 

0 

11 

1  15 

24 

27 

it 

00 

1 

0 

2 

3  16 

6 

3 

1 

0 

10 

2  1 

24 

28 

it 

00 

1 

0 

2 

3  8 

e 

31 

3 

1 

0 

9 

2  20 

24- 

29 
SO 
31 

it 

0 

1 

0 

2 

0  4 

6 

tl 

3 

1 

0 

8 

2  13 

2-1 

0 

1 

0 

2 

1  0  • 

6 

3 

1 

0 

9 

0  23 

24 

a 

0 

1 

0 

2 

0  18 

6 

3 

1 

0 

8 

3  22 

.  24 

June  1 

it 

0 

1 

0 

2 

0  20 

6 

3 

1 

0 

8 

3  22 

24 

3 

It 

0 

1 

0 

2 

1  13 

6 

3 

1 

0 

9 

3  1 

24 

If 

0 

1 

0 

2 

2  16 

6 

3 

1 

0 

8 

0  14 

24 

4 

•» 

0 

1 

0 

2 

1  1 

6 

3 

1 

0 

9 

0  7 

24 

Total  in  28  days 

3 

3 

0  15 

168 

Total  iu  28  days  - 

13  18 

1  19 

672 

Average  per  head  per  day 

0 

1 

0  14 

O 

Average  per  head  per  day 

0 

1 

0  27 

3 

Plot.  Crop. 


Quantities 
(weighed 
green). 


Oil- 
cake.t 


Nos. 


1 

2 
3 
4 
.5 
6 
7 


Weights  and  Increase  of  the  Oxen,  &c. 


Weights.J 


Mays. 


June  5. 


In- 
crease 
in  28 
days. 


Per  1,000  lbs.  live-weight 
per  week. 


Pood  consumed. 


Grass. 


Oilcake 


In- 
crease 

in 
weight. 


Totals 


Means 


lbs. 

1,129 

1,130 


2,250 


1,130 


Weights. 


May  8. 


JuueS. 


lbs. 

1,234 

1,252 


2,'t80 


1,243 


lbs. 
105 
122 


227 


In- 
crease 
in  28 
days. 


Per  1,000  lbs.  live-weighlr 
per  week. 


Food  consimied. 


Grass. 


lbs. 
]  715 


lbs. 

m 


113 


lbs. 
23-9 


Oilcake. 


lbs. 

1,230 

1,141 

1,073 

1,168 

1,130 

1,060 

1,050 

1,005 


8,869 
1,109 


In- 
crease 

in 
weight. 


I6s. 

1,318 

1,232 

1,186 

1,316 

1,252 

1,170 

1,152 

1,152 


9,778 


1,222 


lbs. 
88 
91 
113 
148 
116 
104 
102 
147 


909 


lbs. 


■  886 


lbs. 


18 


114 


lbs. 


24-4 


*  Plot"  "ft*'  *   " — ■  „   '* 

I  sHiSF^ — 

-'at  date,  at  ->lch't^- ^^-^^Jv.U.v^^^  ^^^^^^^  ^^^^^^^^  ^^^^^^ 


102 


Table  VI. — continued. 

Detailed  Eecord  of  Food  consumed,  and  Increase  yielded,  by  Oxen  fed  on 
Unsewaged  and  Sewaged  Meadow  Grass,  -with  Oilcake  in  addition. 

vSeason  1862. 

28  days,  from  J une  5  to  July  3. 


Dates 

of 
weigh- 
ing. 


Two  Oxen  on  Uusewaged  Grass. 


Eight  Oxen  on  Sewaged  Grass. 


Particulars  of  the  Pood  consumed. 


Grass 


From 


Pield.     Plot.*  Crop, 


Quantities 
(weighed 
green). 


Oil- 
cake.t 


Grass 

From  , 

Quantities 
(weighed 
green). 

Field.       Plot.'l  Crop. 

Oil- 
cake.1- 


1862. 
June  5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
^5 
26 
27 
28 
29 
30 


July 


Five-acre 


6C 

?  <i 

■s 

1 

%  s 

Ihs. 

0 

1 

0 

2 

0  2 

6 

Five-acre 

8 

1 

0 

1 

0 

1 

3  5 

6 

»f 

4 

1 

0 

1 

0 

1 

3  26 

6 

fi 

4 

1 

0 

1 

0 

2 

0  0 

G 

Si 

4 

1 

0 

1 

0 

2 

0  1 

6 

4 

1 

0 

1 

0 

2 

0  20 

6 

» 

4 

1 

0 

1 

0 

2 

1  9 

6 

4 

1 

0 

1 

0 

2 

1  12 

6 

4 

1 

0 

1 

0 

2 

1  9 

6 

4 

1 

0 

1 

0 

1 

3  11 

6 

j> 

4 

1 

0 

1 

0 

1 

3  13 

6 

4 

1 

0 

1 

0 

2 

2  7 

6 

4 

1 

0 

1 

0 

2 

1  11 

6 

»> 

4 

1 

0 

1 

0 

2 

1  1 

6 

4 

1 

0 

1 

0 

2 

0  9 

6 

3 

1 

0 

1 

0 

2 

0  23 

6 

j» 

3 

1 

0 

1 

0 

2 

0  2 

6 

8 

1 

0 

1 

0 

2 

0  4 

0 

19 

3 

1 

0 

1 

0 

2 

0  1 

6 

it 

3 

1 

0 

1 

0 

2 

0  2 

6 

2 

1 

0 

1 

0 

1 

2  14 

6 

ii 

2 

1 

0 

1 

0 

1 

S  9 

6 

a 

2 

1 

0 

1 

0 

2 

0  8 

6 

a 

00 

1 

1 

1 

0 

2 

0  1 

6 

a 

2 

1 

1 

1 

0 

2 

0  0 

6 

ti 

2 

1 

1 

1 

0 

2 

1  5 

6 

ti 

2 

1 

1 

1 

0 

1 

3  14 

6 

2 

1 

1 

1 

0 

1 

3  24 

6 

a 

2 

1 

Total  in  28  Days 


Average  per  head  per  day 


2  17  3  19 


0  10  4 


163 
3 


2  -2 

0  7 
0  9 
0  7 
0  7 
0  7 
0  10 
0  8 
0  9 
0  9 


fl  6 
0  6 
0  8 
0  8 
0  8 
0  7 
0  8 
0  7 
0  7 
0  5 
0  11 
0  8 
0  7 
0  6 
0  6 
0  6 
0  7 


3  25 
1  21 
3  0 
8  0 
8  22 
3  0 

1  13 

2  27 

3  3 
3  2 
3  4 

2  20 
1  25 

1  17 

3  23 

2  25 

1  27 

2  ■  4 

3  12 


0  9 

0  5 

1  14 
3  18 
3  8 
3  14 
3  8 


0  8  2  4 
0   7   1  22 


lbs. 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
34 
24 
24 
24 
24 
24 
21 

24 
24 


Total  in  28  days 


Average  per  head  per  day 


11  7  0  3 


0  10  2 


672 


Weights  and  Increase  qf  the  Oxen,  &c. 


Nos. 


"^''eights. 


June  5. 


July  3. 


1 

2 
3 
4 
5 
6 
7 
8 

Totals 


lbs. 

1,234 

1,252 


2,486 


1,213 


lbs. 

1,276 

],338 


2614 
1,307 


In- 
crease 
in  28 
days. 


Per  1,000  lbs.  live-weight 
per  week. 


Food  consumed. 


Grass. 


Oilcake. 


lbs. 
42 
88 


128 
64 


lbs. 
636 


In- 
crease 
in  . 

weight. 


lbs. 


Weights. 

In- 
crease 
in  28 
days. 

Per  1,000  lbs.  live-weight 
per  week. 

June  5. 

July  3. 

Food  consumed. 

In- 
crease 

ill 
weight. 

Grass.  Oilcake. 

/6s. 
12-6 


lbs. 

1,318 

1,232 

1,186 

1,316 

1,252 

1,170 

1,152 

1,152 

9,778 

1,222 


lbs. 

1,402 

1,330 

1,290 

1,390 

1,328 

1,220 

1,205 

1,25G 


10,421 


1,302 


lbs. 
84 
98 

104 
74 
70 
50 
53 

lOil 


613 


80 


76s. 


629 


lbs. 


16f 


Means 

--75i^  0  is  unmeasured  land  without  sc^^^i'gc,  and  Plot  "  00  "  unmeasured  land  with  sewage, 
t  Eciual  VB-rts  linseed  cako  and  rape  cake. 


76s. 


15-9 


JOS 


Table  VI. — continued. 

Detailed  Record  of  Food  consumed,  and  Increase  yielded,  by  Oxen  fed  on 
Unsewaged  and  Sewaged  Meadow  Grass,  with  Oilcake  in  addition. 

Season  1862. 
28  days,  from  July  3  to  July  31. 


Dates 

of 
weigh- 
ing. 


Two  Oxen  on  Unsewaged  Grass. 


Eight  Oxen  on  Sewaged  Grass. 


Particulars  of  the  Pood  consumed. 


1862. 
July  3 

i 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14, 
15 
16 
17 
IS 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 


Total  in  28  days 


Average  per  head  per  day 


2  14  1  20 


0   0   3  25 


168 


Total  in  28  days 


Average  per  head  per  day 


10  9  1  18 


0  0  3  21 


Grass. 

Grass. 

oa- 

cake.1 

From 

Quantities 
(weighed 

Oil- 

pn.lcp  t 

From 

Quantities 
(weighed 

Plot.* 

Crop. 

Field. 

Plot.* 

Crop. 

green) . 

Field. 

green) . 

tons. 

cwts. 

t  « 
&  S 

lbs. 

tons. 

■2 

?  <i 
w  K 

lbs. 

Five-acre 

1 

1 

0 

1 

3  4 

b 

Five-acre 

2 

1 

0 

7 

2  13 

24 

n 

0 

1 

0 

1 

3  9 

D 

)i 

00  &  2 

1 

0 

8 

0  18 

24 

1 

1 

0 

2 

0  18 

o 

2 

1 

0 

7 

1  8 

24 

1 

0 

2 

0  20 

D 

ii 

2 

1 

0 

7 

1  13 

24 

1 

1 

0 

3 

0  13 

D 

)> 

2 

1 

0 

8 

0  21 

24 

)) 

1 

1 

0 

2 

0  8 

n 
0 

»» 

00,2 &4 

1&2 

0 

8 

1  18 

24 

9> 

1 

1 

0 

2 

0  19 

6 

>> 

2 

1 

0 

6 

2  10 

24 

1 

1 

0 

1 

3  6 

6 

]) 

2 

1 

0 

6 

2  27 

24 

1 

1 

0 

2 

0  15 

6 

)» 

2 

1 

0 

6 

3  10 

24 

1 

0 

2 

1  9 

6 

}> 

2 

1 

0 

8 

1  16 

24 

)» 

1 

1 

0 

1  8 

6 

»i 

2 

1  ■ 

0 

8 

1  16 

24 

1 

0 

2 

1  0 

6 

It 

2 

1 

0 

7 

3  15 

24 

>> 

1 

1 

0 

1 

3  15 

6 

St 

2 

1 

0 

7 

2  21 

24 

1 

1 

0 

1 

3  14 

6 

li 

1 

0 

5 

3  17 

24 

1 

1 

G 

1 

3  11 

6 

2 

1 

0 

6 

2  5 

24 

II 

1 

1 

0 

1 

3  21 

C 

»> 

2 

1 

0 

8 

0  10 

24 

1 

1 

0 

1 

3  10 

6 

2 

1 

0 

5 

3  9 

24 

II 

1 

.  1 

0 

1 

3  14 

6 

)> 

2 

1 

0 

5 

3  9 

24 

11 

1 

1 

0 

1 

3  10 

fi 

2 

1 

0 

5 

2  17 

24 

II 

1 

1 

0 

1 

3  4 

6 

It 

2 

1 

0 

5 

1  16 

24 

II 

1 

1 

0 

1 

3  4 

6 

tt 

4 

2 

0 

8 

1  ti 

24 

II 

1 

1 

0 

2 

0  9 

6 

it 

4 

2 

0 

8 

0  14 

24 

II 

1 

1 

0 

1 

3  8 

6 

4 

2 

0 

9 

2  25 

24 

1 

1 

0 

1 

3  11 

6 

It 

4 

2 

0 

7 

2  0 

24 

II 

1 

1 

0 

1 

3  14 

6 

it 

4 

2 

0 

7 

2  0 

.  24 

II 

I 

1 

0 

1 

3  19 

it 

4 

2 

0 

8 

3  11 

24 

1 

1 

0 

1 

2  S 

6  1 

It 

4 

2 

0 

8 

1  24 

24 

11 

1 

1 

0 

1 

2  2 

6 

it 

4 

2 

0 

8 

0  12 

24 

672 
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"Weights  and  Ikcrea.se  of  the  Oxex,  &c. 


Nos. 


Weights. 


July  3. 


July  31 


In- 
crease 
in  28 
daj's. 


Perl, 000  lbs.  live-weight 
per  week. 


Food  consumed. 


Grass.  Oilcake. 


In- 
crease 

in 
weight. 


Weights. 


July  3. 


July  31 


I 


In 
crease 

(or 
loss) 
in  28 
days. 


Per  1,000  lbs.  live- weight 
per  weeli. 


Food  consumed. 


Grass. 


Oilcake. 


In- 
crease 

iu 
weight. 


lbs. 

1,276 

1,338 


Totals 
Ueans 


2,614 


1,307 


lbs. 

1,332 

1,400 


2,732 
1,366 


lbs. 
66 

6: 


lbs. 
]  570 


118 


50 


lbs. 
15i 


lbs. 
11-0 


lbs. 

1,402 

1,330 

1,290 

1,390 

1,328 

1,220 

1,205 

1,256 


10,421 


1,303 


lbs. 

1,426 

1,328 

1,288 

1,448 

1,372 

1,266 

1,242 

1,286 


10,656 


1,332 


lbs. 
24 

-  2 

-  2 
58 

46 
37 
30 


235 


29 


lbs. 


■  556 


lbs. 


16 


lbs. 


5-6 


tliu^p^iiZTeXake'^;;?;!;^^^ 


Table  yi.— continued. 
Detallca  Record  of  Food  consumed,  and  Increase  yielded,  by  Oxen  fed  on 
Unsewaged  and  Sewaged  Meadow  Grass,  with  Oilcake  in  addition. 

Season  1862, 

 28  days,  from  July  31  to  August  28. 


Dates 

of 
weigh- 
ing. 


July  31 


Alia 


3 
'  4 
6 
6 
.7 
8 
9 
10 
11 
12 
13 
I'l 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
2-5 
26 
27 


Two  Oxen  on  Unsewaged  Grass. 


Particulars  of  the  Food  consumed. 


Eight  Oxen  on  Sewased  Grass. 


Grass 


From 


Field. 


Plot.»  Crop. 


Quantities 
(wcSiglied 
green). 


Oil- 
cake.t 


Grass 


From 


Field. 


Plot.  I  Crop. 


Quantities 
(weiglied 
green). 


Five-acre 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 


0   1   1  20 


0 
0 
-0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


2  13 
1  7 
1  6 

1  9 

2  4 

3  5 

2  12 
1  21 

3  1 
3  0 
1  27 

0  17 

1  9 

1  3 

2  0 
0  21 
0  23 

3  3 
2  1 
2  3 

0  19 

1  7 
0  9 
0  12 
0  5 
0  G 
0  2 


lis. 
C 

6 
C 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
C 
6 
6 
6 
6 
6 
6 
C 
6 
6 
0 
6 
6 


Five-acre 


0   6  2  3 


0  8 
0  10 
0  9 
0  8 
0  8 
0  9 
0  11 
0  9 


0 
0 
0 
0 
0 
0  11 
0  8 
0  8 
0  8 
0  11 
0  9 
0  9 
0  7 
0  9 
0  9 
0  9 
0  8 
0  9 
0  10 


8  S 


0  27 
0  16 
0  8 
0  18 

2  15 

3  20 
2  8 
0  22 
0  6 

0  6 

2  16 

3  13 
2 

2  7 

1  13 

1  26 

2  0 
0  25 

0  21 

1  20 

2  21 

3  22 
1  18 
1  23 

1  14 

2  9 
0  13 


Total  in  23  days 


Average  per  head  per  day 


1  19  2  13 


0  0  2  23 


ICS 


Total  in  28  days 


Average  per  head  per  day 


12  17   0  20 


0  1   0  17 


Weights  and  Increase  of  the  Oxen,  &c. 


Nos. 

"Weights. 

In- 
crease 
in  28 
days. 

Per  1,000  lbs.  hve-weight 
per  week. 

1 

1  ■Weights. 

In- 
crease 

(or 
loss) 
in  28 
days. 

Per  1,000  lbs.  live-weight 
per  week. 

July  31. 

Aug.  28. 

Food  consumed 

In- 
crease 

in 
weight. 

July  31. 

Aug.  28. 

Food  consumed. 

In- 

crea.st' 
(or  loss) 

in 
weight. 

Grass. 

Oilcake. 

Grass. 

Oilcake. 

1 

2 
3 

6 
ft 
7 
8 

lbs. 

1,832 

1,400 

lbs. 

1,374 

1,458 

lbs. 
42 
58 

lbs. 
]  399 

lbs. 
1.5 

Ihs. 
9-0 

!  lbs. 
1,420 
1,328 
1,288 
1,4-18 
1,372 
1,206 
1,2'12' 
1,286 

lbs. 

1,420 

1,272 

1,290 

1,458 

l,3S(i 

1,273 

1,240 

1,272 

lbs. 

-  6 
-56 

2 

10 
14 
7 

-  2 
-14 

lbs. 
■  677 

J 

lbs. 
15? 

lbs. 
-l-I 

Totals 

2,732 

2,832 

lOU 

!  10,656 

10,011 
1,320 

-45 

Means 

1,360 

1,410 

60 

1,832 

-  6 

*  Plot  "0  "  is  iiumcasurcd  land  without  sewage. 


t  Equal  parts  linseed  cake  and  rape  cake. 
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Table  VI. — continued. 
T^n*.-i.l  -nocavCi  of  Food  consumecl,  and  Increase  yielded,  by  Oxen  fed  on 
Unlwa/ed  and  Sowagod  Meadow  Grass,  with  Oilcake  in  addition. 

Season  1862. 
28  days,  from  August  28  to  September  25. 


Dates 

of 
weigli- 
ins. 


Two  Oxen  on  TJnsewiiged  Grass. 


Eiglit  Oven  on  SewagotV  Grass. 


Particulars  of  the  ITood  consumed. 


Grass. 


Prom 


Pield. 


Plot.*!  Crop. 


Quantities 
(weigbed 
green) . 


1S62. 
Aug.  28 
29 
30 
31 

Sept.  1 


(i 
7 
8 
9 
10 
11 
12 
13 
li 
15 
IH 
17 
18 
19 
20 
21 
22 
23 
21 


Five-acre 


foils. 

cwts. 

5  S 

lbs. 

0 

1 

0 

0 

3  25 

g 

0 

1 

0 

1 

0  '8 

8 

0 

0 

1 

3  3 

0 

2 

0 

1 

3  5 

8 

0 

2 

.0 

1 

3  3 

8 

0 

2 

0 

1 

3  8 

8 

0 

2 

0 

1 

3  13 

S 

0 

2 

0 

1 

3  16 

8 

0 

2 

0 

1 

3  15 

8 

0 

2 

0 

1 

3  8 

8 

0 

2 

0 

1 

3  10 

8 

0 

2 

0 

1 

3  1 

8 

0 

2 

0' 

1 

3  12 

8 

0 

2 

0 

1 

3  15 

8 

0 

2 

0 

1 

3  17 

S 

0 

2 

0 

1 

3  18 

8 

0 

2 

0 

1 

3  2 

8 

0 

2 

0 

1 

3  1 

8 

0 

2 

0 

1 

2  23 

8 

0 

2 

0 

1 

2  20 

8 

0 

2 

.0 

1 

2  15 

8 

0 

2 

0 

1 

3  2 

10 

0 

2 

0 

1 

2  13 

10 

0 

2 

0 

1 

3  3 

10 

0 

2 

0 

1 

3  C 

10 

0 

2 

0 

1 

3  7 

10 

0 

2 

0 

1 

3  16 

10 

0 

2 

0 

•1 

2  21 

10 

Oil- 
cake.t 


Total  in  28  days 


Average  jier  head  per  day 


2   8   2  26 


0   0   3  13 


238 


4i 


Grass. 

Oil- 

Quantities 

(weiglied 

cake.t 

Field. 

Plot.* 

Crop. 

gi'ecn). 

1 

1 

S     a    P  « 

lbs. 

Five-acre 

2 

2 

0   9   0  20 

32 

2 

2 

0    8   2  15 

32 

2 

2 

0   9    2  25 

32 

2 

2 

0    9    3  2 

82 

00  &  2 

2 

0  11    3  13 

32 

2 

2 

0  10   2  20 

32 

2 

2 

0  10    3  0 

32 

2 

2 

0   9   3  25 

32 

o 

2 

0   9   3  26 

33 

2 

2 

0   9   3  0 

32 

2 

2 

0   9   3  3 

32 

2 

2 

0   7   0  20 

32 

00 

2 

0   9   0  9 

32 

00 

2 

0   9   0  26 

33 

i 

00  &  4 

2  &  3 

0   9  13 

32 

4 

3 

0  10   0  15 

32 

4 

3 

0   8    3  22 

33 

4 

3 

0   8   3  10 

32 

4 

3 

0  11   0  3 

32 

4 

3 

0  10   1  11 

32 

4 

3 

0  11   1  4 

S3 

4 

3 

0  11   2  15 

40 

4 

3 

0  10   3  15 

40 

4 

3 

0   8   3  19 

40 

4 

3 

0   8   3  19 

40 

4 

3 

0   9   3  17 

40 

4 

3 

0   8   3  10 

40 

4 

3 

0  10   0  1 

40 

Total  in  28 

days 

13  14   2  4 

952 

;  Average  per  head  per  day 

0   1    0  25 

4i 

Weights  aud  Increase  op  tiie  Oxex,  &c. 


Nos. 

Weights. 

In- 
crease 
(or  loss) 
in  28 
days. 

Per  1,000  lbs.  live-weight 
per  week. 

"Weights. 

In- 
crease 
in  2S 
days. 

Per  1,000  lbs.  live-weight 
per  week. 

Aug.  28. 

Sep.25.t 

Pood  consuraed. 

In- 
crease 

in 
weight. 

Aug.  28. 

Sep.25.t 

Pood  consumed. 

In- 
crease 

in 
weight. 

Grass. 

Oilcake. 

Grass. 

Oilcake. 

•3 

4 
5 
6 
7 
8 

lbs. 

1,374 

1,458 

lbs. 

1,414 

1,456 

lbs. 

40 
—  2 

lbs. 
j  479 

— 

lbs. 
20J 

lbs. 
3-3 

lbs.  ' 

1,420 

1,272 

1,290 

1,458 

1,386 

1,273 

1,210 

1,272 

lbs. 

1,503 

1,425 

1,!03 

1,024 

1,468 

1,334 

1,310 

1,369 

lbs. 
88 
153 
118 
66 
82 
61 
70 
97 

lbs. 
-  700 

lbs. 
21} 

lbs. 
16- 7 

Totals 

2,832 

2,870 

38 

10,011 

11,316 

735 

Means 

*  131 « 

1,416 

(-  »i  A  )J  :  .. 

1,435 

19 

1,320 

1,418 

92 

i       V   1.-,  uimiLiwuii-u  liulu  wunoul  sewage,  aiiu  riot  "  ui)    unmcasurea  lanu  with  sewage 
cake  wa'jfgive'^n  ^^'^'"P'"'*^'  °"  August  28  and  29,  on  which  days  a  mixture  of  linseed  ?ake  and  rape 

to^aSlylo^'sqiteUerVs?  *''^'^°»  ""^  September  20,  but  in  the  calculations  are  supposed 


lOG 


Table  V.t. — continued. 
Detailed  Record  of  Food  consumed,  and  Increase  yielded,  by  Oxen  fed  on 
Unsewaged  and  Sewaged  Meadow  Grass,  with  Oilcake  in  addition. 

Season  1862. 

  18  days,  from  September  25  to  October  13. 


Two  Oxen  on  Unsewaged  Grass. 


Eight  Oxen  on  Sewaged  Grass. 


Particulars  of  the  Food  consumed. 


Grass. 


Prmn 


Pield. 


Five-acre 


Plot.*,  Crop. 


Quantities, 
(weighed 
green). 


Oil- 
cake.t 


Grass. 


From 


Field      Plot.*  I  Crop. 


Quantities 
(weighed 
green). 


3  21 
3  3 
2  19 

2  21 

3  23 
3  20 

3  23 
0  6 
3  3 
3  17 
3  20 
3  11 
3  8 
3  9 
3  9 
3  24 
3  6 
3  8 


lbs. 

12 
12 
12 
12 
12 
12 

12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 


Five-acro 


4 
4 
4 
4 
4 
.  4 

3 
3 

2  &3 
2 
2 

00  &  2 
2 
2 
2 


3 
3 
3 
3 
3 
3 

3 
3 
3 
3 
3 

2&3 
8 
3 
3 
3 
3 


•(si     U  ^ 


0  11 
0  9 


1  2 
8  3 


0   8  3  21 

0   8  3  26 

0  10  1  0 

0  10  0  1 


0  13 
0  9 
0  12 
0  8 
0  8 
0  10 
0  11 
0  9 


0  16 

2  23 
0  11 

3  5 
3  10 
0  8 
0  11 

0  22 

1  3 

1  11 

2  16 
2  16 


13 

Five-acre 

1 

2 

0   13  7 

16 

Five-acreJ 

.00 

3 

0  11   0  13 

64 

14 

1 

2 

0   1   3  14 

16 

» 

4 

4 

0   9   2  7 

64 

15 

- 1 

2 

0   13  8 

16 

It 

4 

4 

0  8   2  2 

64 

16 

It 

1 

2 

0   1   3  11 

16 

» 

4 

4 

0   8   3  28 

64 

■  Total  in  18  days  (to  Oct.  13)  - 

1  13   2  2 

216 

Total inl8 days  (toOct.13) 

8  16   0  15 

86-1 

Average  per  head  per  day 

0   0   3  20 

Average  per  head  per  day 

0   1   0  25 

6 

Weights  and  Increase  op  the  Oxen,  &c. 


"Weights. 

In- 
crease 

Per  1,000  lbs.  live-weight 
per  week. 

Weights. 

In- 
crease 

Per  1,000  Ihs.  live-weight 
per  week. 

Nos. 

Sept.  25. 
§ 

Oct.  13. 

(or 
loss) 
in  18 
days. 

Food  consumed. 

In- 
crease 
(or  loss) 

in 
weight. 

Sept.  25. 
§ 

Oct.  13. 

(or 
loss) 
in  18 
days. 

Food  consiuned. 

In- 
crease 
(or  loss) 

in 
weight. 

Grass. 

Oilcake. 

Grass. 

Oilcake. 

1 

lbs. 
1,414 

lbs. 
1,356 

lbs. 
-.58 

lbs. 
j  515 

lbs. 
29i 

lbs. 
-10-3 

lbs. 
1,508 

lbs. 
1,483 

Wis. 
-20 

lbs. 

lbs. 

lbs. 

2 
3 
4 
5 
C 
7 
8 

1,456 

1,489 

-17 

1,425 
1,408 
1,524 
1,468 
1,334 
1,810 
1,309 

1,378 
1,414 
1,531 
1,442 
1,333 
1,288 
1,311 

-47 
6 
7 

-26 
-  2 
—22 
-58 

■  681 

29i 

-5-6 

Totals 

2,870 

2,795 

-75 

11,346 

11,184 

-162 

Jleans 

1,435 

1,897 

-33 

1,418 

1,398 

-20 

'  unmeasured  land  with  sewage. 

t  On  OctobCT  11,2  cwts.  0  qrs.  12  lbs.,  on  October  12,  the  whole  riuantity,  viz.  7  cwts.  2  qrs.  16  lbs.,  and  on 
October  13,  8  cwts.  2  cir.s.  23  lbs.  of  the  grass  came  from  another  (not  experimental)  field. 

§  Ko  weights  wore  in  fact,  for  convenience,  taken  on  September  26,  but  m  tlve  calculations  arc 
supposed  to  apply  to  September  23. 
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Table  XII. 

1^'  rlSf  consumed,  and  Milk  and  Increase  yielded,  by  Cows  fed  respectively 
on  Unsewaged  and  Sewaged  Meadow  Grass,  with  Oilcake  in  addition  * 

Second  Season,  1802. 


Periods.* 

3  Cows.— 

Unsewaged  Grass. 

12  Cows.- 

-Scwaged  Grass. 

No. 
of 

Average  per  head 
per  day. 

Average 
Increase 

in 
woiclit 
per  head 
per  week. 

Average  per  head 
per  day. 

Average 
Increase 
(or  Loss) 
ill 

Dates.* 

food 
consumed. 

Food 
consumed. 

Days. 

Green 
Grass 

on- 

cake 

Milk 
yielded 

Green 
Grasj 

Oil- 
cake 

Milk 
yielded 

weight 
per  head 
per  week. 

Slay  2  to  May  8  - 
„    9  to    „  15  - 

7 
7 

lbs. 
152 

15S 

lbs. 
3 

8 

lbs.  ozs. 
31  10-^ 

31 

lbs,  ozs. 
10  2f 

75s. 
133 

175 

lbs. 
3 

3 

lbs. OSS 
28  4~ 

26  7 

tOo,  VSo» 

„  16  to    „  22  - 
„  23  to    „  29  - 

206 
158 

29  9 
29  7. 

13  0 

7 
7 

3 
3 

) 

29  lot 

147 
164 

Q 
O 

3' 

25  2 
25  8, 

„  30  to  June  5  - 
June  6to    „  12  - 
,,  13  to    „  19  - 

7 

152 

3 

28  4- 

143 

3 

23  11- 

7 
7 

142 
160 

3 
3 

26  6 

25  8 

■■ 

9  12 

145 
89 

3 
3 

22  11 
22  2 

9  OJ 

„  20  to    „  26  - 

7 

145 

3 

24  15, 

114 

3 

21  1. 

„  »  27  to  July  3  - 

7 

104 

84^ 

24 

130 

3i 

20  14- 

July  4to    „  10  - 
„  11  to    „  17  - 

7 
7 

125 
79 

34 
4i 

23  8 
22  13 

5  9s 

137 
145 

34 
44 

21  12 
21  7 

1  li 

„  18  to    „  24  - 

7 

74 

4i 

22  2, 

125 

*5 

21  2. 

- 

„   25  to    „  31  - 

7 

161 

4 

23  4- 

113 

4 

21  3- 

AviK.  1  to  Aug.  7  - 
„    8to    „  14  - 

7 
7 

86 
176 

0 
4 

21  2 
21  14 

* 

112 
125 

0 
4 

21  0 
21  1 

0  11 

„   15  to    „  21  - 

7 

90 

4 

22  2^ 

139 

4 

20  13. 

„   22  to    „   28  - 

7 

120 

4 

22  7' 

153 

4 

29  r 

„  29  to  Sept.  4  - 
Sept.  5  to    „  11  - 

7 
7 

99 
140 

4 
4 

22  0 
22  0 

1  8 

114 
157 

4 
4 

19  7 

- 

18  15 

8  2f 

,.  12  to    „  18  - 

7 

140 

4 

21  0, 

164 

4 

18  11, 

,,  ]9to    „  25  - 

7 

133 

4 

20  0~ 

136 

4 

17  8- 

16 1  Oct.   2  - 
Oct.  3to    „    9  - 

7 
7 

115 

5 

18  9 
17  8 

153 

5 

17  5 

■ 

16  6 

98 

6 

4  14f 

141 

5 

-1  lOi 

„  10  to    „  16  - 

7 

117 

6 

16  6. 

160 

6 

16  6, 

May  2  to  Oct.  16 1 

168 

130 

31 

23  10 

7  6 

138 

3| 

21  8 

4  114 

*  The  dates  given  are  of  the  "milk  yielded,"  but  the  periods  of  the  "food  consumed"  date 
one  day  cariior  in  each  case,  as  also  do  those  of  the  "average  increase  (or  loss)  in  weight  per 
]ieacl  per  week  *' 

+  It  should  bo  observed,  that  from  May  1  to  May  15,  the  first  crop  of  unsewaged  meadow 
gra-ss  not  being  ready  to  cut,  the  three  cows  had  Italian  rye-gra-ss,  and  for  20  days,  from 
August  9  to  August  28,  in  default  of  unsewaged  grass,  they  had  grecu  clover  •  but  the  ligures 
given  in  the  bottom  line  of  this  Table  relate  to  the  whole  period,  UTCspectively  of  these  un- 
avoidable irregularities. 
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Table  XIII. 

SuMMAKY  of  the  Weights,  Increase  (or  Loss),  and  Yield  of  Milk, 
of  the  Cows  fed  respectively  on  Unsewaged  Meadow  Grass,  on 
Sewaged  Meadow  Grass,  and  on  Italian  Rye  Grass  (Un- 
sewaged  and  Sewaged),  each  for  Twelve  "Weeks  alone,  and  each 
for  Twelve  Weeks  with  Oilcake  in  addition. 
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'J'able  XIII. 


Summary  of  the  Weiouts,  Increase  (or  Loss),  and  Yield  of  Milk,  of  the  Cows  fed 
Italian  Eye  Grass  (Unsewaged  and  Sewaged),  each  for  Twelve 

TniRD 


Twelve  Weeks  on  Grass  alo»e. 

Nos. 

Weights. 

Increase 
(or  Loss) 
in 

Yield  of  Milk. 

Apr.  27. 

May  25. 

Inter- 
mediate. 

June  22. 

July  20. 

Pii-st 

Last 

Average. 

June  8. 

Weight. 

Week. 

Week. 

PiVE  Cows.— Ukse'waged 

lbs. 

lbs. 

Ihs. 

lbs. 

lbs. 

Ths.  ozs. 

lbs.  ozs. 

lbs.  ozs. 

X 

1,064 

1,062 

1,078 

1,114 

94 

207  12 

201  14 

216  13 

o 

£t 

1,117 

1,184 

1,177 

1,190 

1,226 

109 

235  14 

148  4 

178  9 

3 

746 

818 

821 

S04 

830 

fid. 

I.'Vm  X 

169  12 

4t 

1,080 

1,096 

1,094 

1,069 

1,09 

69 

178  0 

253  12 

231  12 

5 

1,058 

1,112 

1,110 

1,097 

1,142 

84 

230  0 

201  4 

222  15 

0,UOU 

5,274 

5,264 

5,238 

5,404 

440 

1,052  4 

949  3 

1,019  13 

Averages  - 

1,006 

1,055 

1,053 

1,048 

1,081 

88 

210  7 

189  13 

203  15 

Ten  Cows. 

— SEWAGED 

1 

1,064 

1,136 

1,121 

1,154 

90 

235  2 

197  11 

210  9 

2t 

1,036 

1,010 

1,280 

1,384 

50 

263  3 

261  3 

263  4 

1,030 

1,060 

1,066 

1,146 

116 

214  7 

174  1 

192  7 

4 

1,036 

990 

996 

1,040 

4 

195  3 

163  9 

182  2 

5 

1,002 

984 

t  • 

1,000 

1,029 

27 

185  9 

160  5 

174  2 

6 

880 

956 

•  « 

958 

1,016 

136 

212  5 

202  0 

216  3 

7 

808 

838 

894 

892 

84 

192  0 

161  e 

182  8 

8 

960 

1,026 

1,068 

1,122 

162 

159  8 

148  0 

162  10 

9 

906 

954 

964 

1,046 

140 

225  10 

183  2 

213  4 

10  § 

1,320 

1,358 

1,186 

1,226 

31 

164  15 

241  9 

175  15 

Totals  - 

10,042 

10,3  J  2 

10,533 

11,055 

840 

2,047  9 

1,902  1 

1,973  0 

Averages  - 

1,004 

1,031 

1,053 

1,106 

84 

204  12 

190  3 

197  5 

FrvK  Cows.— Unsewaoed  oe 

1 

1,066 

1,122 

1,122 

1,140 

74 

286  6 

243  14 

288  0 

2 

874 

902 

878 

910 

36 

262  0 

192  12 

223  13 

3* 

1,042 

1,106 

1,087 

1,130 

88 

"285  8 

165  2 

212  11 

4 

1,185 

1,170 

1,180 

1,218 

33 

280  14 

215  7 

245  12 

5t 

1,114 

1,048 

1,128 

1,184 

-8 

210  1 

138  15 

138  5 

Totals  - 

5,281 

5,354 

5,395 

5,582 

223 

1,32  i  13 

956  2 

1,108  9 

Averages  - 

1,056 

1,071 

1,079 

1,116 

45 

264  15 

191  4 

221  11 

— 1 

•  On  May  25,  No.  1  cow  on  unsewaged  meadow  grass,  and  No.  3  cow  on  rye-grass  were  transposed,  and  the 
weights  entered  in  tlio  Table  are,  from  the  commencement  in  each  case,  those  of  the  newly  placed  cow. 

+  The  No  4  cow  on  unsewaged  meadow  gra.ss  nut  up  at  the  commencement  (April  27)  increased  73  lbs. 
bv  Mav  25  but  diminished  considerably  in  yield  of  milk,  and  as  she  was  obviously  fatteninj?,  was  then 
replaced  by  the  cow  whose  weight  is  entered  for  that  date ;  and  in  the  columns  "  inci-easo  lu  weight 
and  "yield  of  milk  "the  results  obtained  on  the  two  cows,  successively,  are  fdven. 

1  The  No  "cow  on  sowaged  meadow  grass  put  up  at  the  commencement  (April  2/)  had  lost  54  lbs.  by 
June  2-'  and  being  ill  was  removed  Juno  24,  and  replaced  by  the  animal  whose  weight  on  June  22  is  entered 
for  tiiat' (late;  but  in  the  columns  " increase  in  weight "  and  "yield  of  milk  "  the  rcsiUts  obtained  on  the 
two  cows,  successively,  are  given.  .,  „»v       •  ■  ,    i       -i     n   •     •  u  <•  „,-i\, 

6  The  No.  10  cow  put  up  at  the  commencement  (April  27)  diminished  considerably  in  yield  of  milk,  and 
slippiiK  licr  calf  about  June  22,  was  then  replaced  by  the  cow  whose  weight  is  entered  under  that  date ; 
but  in  the  columns  "increase  in  weight"  and  "yield  of  milk"  the  results  obUmed  on  the  two  cows, 
successively,  are  given. 
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Table  XIII. 


it  respectively  on  Unsewaged  Meadow  Gkass,  on  Sewaged  Meadow  Grass,  and  on 
|lf     Weeks  alone,  and  each  for  Twelve  "Weeks  with  Oilcake  in  addition. 

Season,  1863. 


Twelve  Weeks  on  Geass  and  Oilcake. 

Total  21  Weeks. 

Weights. 

In- 

Yield of  Milk. 

In- 
crease 

in 
Weight. 

Average 
Yield 
of  Milk 
per  Week. 

Inter- 
me- 
diate. 

Aug.l7. 

Inter- 
me- 
diate. 

Sept.  14. 

Inter- 
me- 
diate. 

Oct.  12. 

crease 

(or 
Loss) 

in 

First 
Week. 

Last 
Week. 

Average. 

Aug.  3. 

Sept.  8. 

Sept.  28. 

Weight. 

IP     Meadow  GaAsa.tt 

1' 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs.  ozs. 

lbs.  ozs. 

lbs.  ozs. 

lbs. 

lbs.  ozs. 

1 

1,138 

1,176 

1,186 

1,199 

1,204 

1,123 

9 

220  15 

229  15 

235  4 

103 

226  0 

1,23't 

1,253 

1,274 

1,268 

1,272 

1,240 

20 

150'  11 

111  0 

138  6 

129 

158  8 

m 

878 

899 

897 

889 

866 

36 

150  10 

171  13 

169  4 

120 

169  8 

1,118 

1,118 

1,146 

1,141 

1,098 

1,090 

-  2 

274  7 

257  6 

270  0 

67 

251  1 

1,170 

1,194 

1,267 

1,236 

1,244 

1,208 

60 

205  1 

183  3 

195  2 

150 

209  0 

1 

5,514 

5,619 

5,772 

5,741 

5,707 

5,533 

129 

1,013  12 

953  5 

1,008  G 

569 

1,014  1 

1,103 

1,124 

1,154 

1,148 

1,141 

1,107 

26 

202  12 

190  11 

201  11 

114 

202  13 

■  Meadow  Geass. 

\ 

1,182 

1,208 

1,190 

36 

211  11 

168  0 

189  13 

126 

200  3 

1,384 

1,394 

1,360 

-  24 

203  12 

198  12 

227  7 

2G 

245  5 

1,182 

1,174 

1,163 

22 

174  5 

134  13 

153  3 

1.38 

172  13 

1,070 

1,090 

1,077 

37 

173  5 

159  11 

100  14 

41 

171  8 

1,019 

1,035 

1,033 

4 

173  6 

126  5 

145  1 

31 

159  9 

1,048 

1,096 

1,101 

85 

221  6 

213  6 

211  7 

221 

213  13 

884 

892 

868 

24 

175  14 

131  11 

149  8 

60 

1C6  0 

1,140 

1,190 

1,179 

57 

153  7 

123  6 

141  7 

219 

152  1 

1,040 

1,087 

1,060 

14 

219  13 

165  0 

193  14 

154 

203  9 

1,260 

1,278 

1,290 

04 

266  12 

218  2 

24-4  8 

95 

210  3 

11,209 

11,444 

11,326 

271 

2,033  11 

1,639  2 

1,817  2 

1,111 

1,895  0 

1,121 

1,144 

1,133 

27 

203  6 

163  15 

181  11 

111 

189  8 

Sewaoed  Italian  Rye  Geass. 

1 

•  > 

922 
1,146 
1,271 
1,195 

1,130 
952 
1,160 
1,299 
1,224 

1,121 
934 
1,166 
1,295 
1,234 

1,088 
914 
1,120 
1,220 
1,200 

-  52 

4 

-  10 

2 
16 

258  3 
194  2 
168  8 
223  10 
147  6 

216  13 
189  2 
161  6 
201  4 
130  14 

235  11 
195  1 
171  9 
221  2 
142  15 

22 
40 
78 
35 
8 

261  14 
209  7 
192  2 
233  7 
140  10 

5,684 

5,754 

5,750 

5,542 

-  40 

991  13 

899  7 

966  6 

183 

1,037  8 

1,137 

1,151 

1,150 

1,108 

-  8 

198  6 

179  14 

193  4 

37 

207  8 

U  1 

as  i 

IK  1 

la  i 

n  ! 
!li  ) 

IS  ! 

a  < 

Kli 

!,!!3  i 

1?;  i 

14t  lbs  .and  ^vas  ren  accd  w  n^l^P  commencemo  t  (April  27}  fall  ng  ve.y  ill,  had  lost  by  May  25 

''increase  in  wpfffVif"  .'^PP^^P  .'^°}Y  J'^^ose  weight  is  pnvcn  under  that  date;  but  in  the  columns 

'"^  wi  1  iTo  £r.5,       ^  f  ^"'''^  °J  obtained  on  the  two  cows,  successively,  are  given 

is  only  Jvcn  for  fomMftTf«*°  ^I'^ndix,  Table  X.  p.  133,  the  yield  of  milk  of  No.  3  cow  on  ^-ass 
vield  pw  d"em  fM  the  Ti*  ^^f  °'  '-^^  ^''^^  '''"P^  °?       experiment,  but  in  the  calculat  onl  the 

^ui^eUnffhe  No  3^^^^^^^  "^^""^'^'^     ^'^       ^-""^  °f  the  average  of  the 
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mZ.    r  ".""i^"^'  '^"^^  ^'''^'■'^^^  y'^lded,  by  Cows  fed  respectively  on  Unsewaced 

Snh  ZT   f'  w  ^'""i^'^  ^'"'^"^  °"  Italian  Rye  Grass  (Unsewaged  and  SeSd? 

each  for  Twelve  Weeks  alone,  and  each  for  Twelve  Weeks  with  Oilcake  in  addition.  »ewage(l> 

TniBD  Season,  1863. 


Periods.* 


Dates.* 


5  Oows.- 


-Tlnsewaged  Meadow 
Grass. 


Average  per  liead 
per  day. 


Taod  con- 
siimed. 


Green 
Grass. 


Oil- 
cake. 


Milk 
.yielded. 


Average 
Increase 
(or  Loss) 

in 
weight 
per  liead 
per  week. 


10  Cows.— Sewaged  Meadow 
Grass. 


Average  per  head 
per  day. 


Food  con- 
sumed. 


Green 
Grass. 


Oil- 
cake. 


MUk 
yielded, 


Average 
Increase 
(or  Loss) 

in 
weight 
per  head 
per  week. 


5  Cows.— Unsewaged  or 
Sewaged  Italian  Rye  Grass. 


Average  per  head 
per  day. 


Food  con- 
sumed. 


Greon 
Grass. 


Oil- 
cake. 


Milk 

yielded. 


Average 
Increase 
(or  Loss) 

in 
weight 
per  head 
per  week. 


Twelve  Weeks.    Grass  alone. 


April -28  to  May  4  - 

May    5  to    „  11  - 
„    12  to    „  18  - 
„    19  to    „   25  - 
,.    20  to  June  1  - 

June  2  to    „    8  - 
„     9  to    „  15  - 
„    16  to    „   22  - 
„    23  to    „   29  - 
„    30  to  July  6  - 

July    7  to    „  13  - 
„    14  to    „  20  - 

7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 

lbs. 
112 
124 
132 
126 
109 
127 
160 
113 
106 
103 
50 
62 

lbs. 

Ibs.ozs. 
30  1"! 
28   0  f 

28  6  C 
27  SJ 
34  0"-) 
82  6(. 
80   5  f 

29  9^ 
27  15^ 
27  If 
27  3  f 
27  2J 

lbs.  ozs. 
15  8 

-  1  12i 

8  4f 

lbs. 
113 
122 
145 
145 
153 
137 
132 
116 
140 
170 
184 
158 

lbs. 

lbs.  ozs. 
29  4^ 
31  2  ( 
31  11  f 
29  12; 
29  13^ 
27  15  f 

25  8  f 
24  3J 

26  8") 

27  11  f 

28  0  f 

27  3.; 

lbs.  ozs. 
6  12 

1  Si 

13  Of 

lbs. 
112 
131 
133 
128 
150 
168 
187 
175 
152 
179 
196 
178 

lbs. 

Ibs.  ozs. 
37  14"^ 
35  14/ 

32  10  f 

33  14j 

34  8") 
33  3(. 
31  10  C 
29  13^ 
27  14-) 
27  13  f 

27 12  r 

27  5J 

lbs.  ozs^ 
-0  4 

2  0|i 

9  5i; 

April  28  to    „  20t  - 

84 

110 

29  2 

7  5i 

143 

28  3 

7  0 

157 

31  11 

3  lU; 

Twelve  Weeks. 

Grass  and  Oilcake. 

\ 

July  21  to  July  27  - 
,    28  to  Aug.  3  - 

Aug.    4  to    „   10  - 
„    11  to    „  17  - 
„    18  to    „  24  - 
„    25  to        31  - 

Sepr.  1  to  Sept.  7  - 
„     8  to    „  14  - 
„    15  to    „   21  - 
„    22  to    „   28  - 
„    29  to  Oct.  5  - 

Oct.    6  to    „  12  - 

7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 

67 
54 
87 
64 
56 
50 
73 
110 
99 
113 
155 
165 

3 
3 
3 
3 
3 
3 
3 
3 
5 
5 
5 
5 

28  15^ 

29  11  C 

30  8  ( 
30  7J 
30  9^ 
29  Of 

27  10  C 

28  2J 
28  2^ 
27   9  ( 
27  14  ( 
27  4,J 

10  12 
6  li 
-10  6^ 

157 

179 
188 
176 
176 
180 
180 
196 
149 
173 
155 
155 

3 
3 
3 
3 
3 
3 
3 
3 
5 
5 
5 
6 

29  1^ 
29  9  f 
28  8  f 
27  5) 
26  15") 
25  4(. 
24  9  C 
24  5J 
24  13'^ 
24  3( 
23  9f 
23  1J 

3  134 
5  14 
-  2  151 

162 
155 
134 
101 
95 
90 
119 
69 
128 
92 
84 
108 

3 
3 
3 
3 
3 
8 
3 
3 
5 
5 
5 
5 

28  5-> 
28  3  C 
28  11  ( 
28  15; 
28  6-^ 
28  2C 
27  9  f 
27  5) 
27  5-^ 
27  iC 
25  12  f 
25  11 J 

5  lis 

3  4f; 
-10  eij 

July  21  to    „  12t  - 

84 

90 

3f 

28  13 

2  2i 

172 

Sf 

25  15 

2  'a 

112 

3J 

27  10 

-  0  lOf J 

T-wenty-four  Weeks. 

Eirst  12  Weeks,  Grass  alone.    Second  J  2  Weeks,  Grass  and  Oilcake. 

April  28  to  Oct.  12t  - 

168 

100 

28  15 

4  111 

158 

27  1 

4  10 

134 

15 

29  10 

1  SiJ 

•  The  dates  given  are  of  the  "  milk  yielded,"  hut  the  periods  of  the  "  food  consumed 
as  also  do  those  of  the  "average  increase  (or  loss)  in  weight  per  head  per  week. 


date  one  day  earlier  in  each  cas| 


+  Prom  AprU  27  to  June  8,  the  first  crop  of  unsewaged  meadow  grass  not  being  readv  to  cut,  the  five  <^o^''s  'lominalb  fe« 
-   -  Italian  rye-grass ;  and  they  als5  received  Italian  rye-prass  from  Aug.  2  to  Sept.  8  in  default  of  unsewaged  meadow 
--  these  lines  relate  to  the  whole  period,  irrespectively  of  these  unavoidable  irregularities. 


on  it  had 
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Tadle  XLI. 

Showing  the  Composition  (per  cent.)  of  the  Milk  from  Cows  fed  respectively  on 
Unsewaged  and  Sewaged  Meadow  Grass,  with  Oilcake  in  addition. 

Season  18G2. 


Food— Grass  and  Oilcake. 

Dates  of  Collection. 

Means. 

May  10. 

Jujie  4. 

July  2. 

Aug.  6. 

Sept.  <t. 

Oct.  1. 

From  3  Cows  ou  XJnsewaged  Grass. 


Casein        .         .        .  - 

3-571 

3-209 

3-511 
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3-7-25 

3-513 

Butter  .... 
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3-561 
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3-834 

Sugar  of  milk,  &c. 

3-969 
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Mineral  matter  ... 

0-744, 
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Total  solid  matter  - 
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"Water       .        .  - 
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87-493 

87-360 

87-782 

86-983 

87-398 

100-000 

100-000 

100-000 

100-000 

100-000 

100-000 

100 -ooo 

From  12  Cows  on  Sewaged  Grass. 

Casein        .         .         .  - 

3-554 

3-324 

3-434 

3-189 

3-651 

3-649 

3-467 

Butter  .... 
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Sugar  of  milk,  &c.      -        -  - 
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Mineral  matter 
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Table  XLIII. 
Results  of  the  Mechanical  Analysis  of  the  Rugby  Soils. 
Composition  per  Cent. 


Plot  1. 


riot  2. 


Plot  3. 


Plot  4. 


FivE-AcuE  Field. 


Stones  retained  by  1  inch  sieve  - 

5-59 

G 

95 

7 

49 

6 

01 

6 

51 

Stones  passing  I  inch,  and  re-"l 
tained  by  ^  inch  sieve    -       -  / 

9-48 

7 

33 

7 

-43 

6 

18 

7 

60 

Stones  passing  i  inch,  and  re-1 
tained  by  5  inch  sieve    -       -  J 

6*04 

4 

44 

3 

58 

3 

36 

4 

35 

Total  stones 

21-11 

18 

72 

18 

50 

15- 

55 

18 

46 

Mould  passing  ^  inch  sieve 

77-77 

80 

36 

79 

80 

83 

29 

80 

31 

Hoots,  loss  by  evaporation,  &c.  - 

1-12 

0 

92 

1 

•70 

1 

16 

1 

23 

Total  fresh  mould  - 

78-89 

81 

28 

81 

50 

84 

45 

81 

54 

100-00 

100 

00 

100 

00 

100- 

00 

100 

00 

Ten- ACRE  Field. 

Stones  retained  by  1  inch  sieve  - 

1-54 

2 

47 

3 

66 

2 

90 

2 

64 

Stones  passing  1  inch,  and  re-"l 
tained  by  ^  inch  sieve    -       -  J 

1-92 

2 

18 

2 

43 

3 

68 

2 

55 

Stones  passing  ^  inch,  and  re-1 
tained  by  i  inch  sieve    -       -  J 

3-04 

1 

72 

1 

98 

3 

43 

2 

54 

Total  stones 

6-50 

6 

37 

8 

07 

10 

01 

7 

73 

Mould  passing  |  inch  sieve 

92-65 

91- 

25 

90 

36 

89"  13 

90 

85 

Eoots,  loss  by  evaporation,  &c.  - 

0-85 

2 

38 

1 

57 

0 

86 

1 

42 

Total  fresh  mould  - 

93-50 

93 

63 

91 

93 

89 

99 

92 

27 

100-00 

100 

00 

100 

00 

100 

00 

100 

00 

The  moae  ot  collecting  me  samples  wus  us  jujju«o. — -n.  ovLv...g  .^^^  — 

form  of  the  four  sides  of  a  box  without  either  top  or  bottom,  12  inches  square  by 
9  inches  deep,  was  driven  into  the  ground  as  much  more  than  9  inches  as  to  allow 
a  verv  thin  sod  (only  just  thick  enough  to  insure  the  removal  of  the  whole  of  the 
ereen'matter)  to  be  taken  off  the  top  of  it.  The  contents  of  the  frame  were  then 
oarefullv  duff  out ;  and  four  such  samples  of  12  inches  squnre  by  9  inches  deep  were 
taken  from  each  plot,  and  mixed  together.  The  soil  of  each  plot  was  thus  represented 
by  a  sample,  averaging,  in  the  case  of  the  Five-acre  Ineld  rather  over,  and  in  that  of 
the  Ten-acre  Field  somewhat  under,  300  lbs. 
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APPENDIX  No.  2. 

Notes  on  the  Edinburgh  Sewage  Meadows. 

The  following  statements  relating  to  the  sewage-irrigated  meadows 
in  the  neighbourhood  of  Edinburgh  are  based  partly  upon  information 
obtained  on  the  spot  from  Mr.  Mc  Pherson  the  city  surveyor,  and  from 
the  occupiers  or  managers  of  the  meadows  in  the  respective  localities, 
and  partly  upon  correspondence  with  the  latter  gentlemen.  Mr. 
Mc  Pherson  kindly  provided  information  as  to  the  population,  water 
supply,  springs,  and  area  of  rainfall  and  drainage,  contributing  to  each 
set  of  meadows  as  named  or  classed  together  in  Table  I.  below  ;  and 
from  the  occupiers  or  managers,  information  as  to  the  area  under  irriga- 
gation,  and  other  points,  was  obtained.  As,  however,  the  sewage  is  in 
no  case  passed  over  the  land  the  whole  365  days  and  nights  of  the  year, 
it  must  be  borne  in  mind  that  the  statements  given  as  to  the  amount  of 
population  contributing  to,  and  the  number  of  tons  available  for,  each 
acre,  do  not  show  the  amounts  actually  utilized  in  each  case,  but  only 
approximately  the  total  amounts  available,  whether  used  or  wasted. 
The  fact  that  water-closets  are  not  universal  must  also  be  taken  into 
account. 

Table  I. 


Names  of  Meadows. 

Imperial 
Acres  under 
Irrigation. 

Approxi- 
mate 
Population 
contribut- 
ing to 
each  Acre. 

Approximate 
Quantity 
of  Sewage 

available  for 
each  Acre. 

Tons. 

Lochend,  Spring  Gardens,  and  Craigentinny 
Roseburn  and  Western  Dairy 
Quarry  Holes  .... 
Broughton  Burn    .          -          -  - 
The  Grange       -        -          .        .  - 

285 
80 
8 
6 
16^ 

337 
112 
562 
1,666 
302 

20,500 
17,000 
65,000 
102,000 
97,000 

1.  Lochend  and  Spring  Gardens. 
The  Lochend  and  Spring  Gardens  meadows,  occupied  by  Mr.  Scott, 
and  under  the  management  of  Mr.  Peter  Taylor,  comprise  about  35 
imperial  acres,  and  are  irrigated  by  the  sewage  of  a  large  portion  of 
Edinburgh  on  its  way  to  the  more  extensive  Craigentinny  meadows. 
Mr.  Taylor  estimates  that,  on  the  average,  each  acre  gets  the  flow  of  a 
stream  of  12  by  8  inches,  at  a  rate  of  2  miles  per  hour,  for  10  days  of 
16  hours,  annually,  Avhich  is  equal  to  about  31,000  tons  per  acre  per 
annum.  The  sewage  is  applied  from  about  the  beginning  of  March  to 
the  end  of  November.  The  herbage  consists  chiefly  of  rough  meadow- 
«^rass  (Poa  trivialis),  which  is  the  most  prevalent  where  the  ground  is 
dry  and  couch  (  Triticum  rejjens),  which  is  the  second  m  predommance, 
and  grows  freely,  but  is  not  so  early  as  the  rough  meadow-gra_ss. 
There  is  also  a  great  deal  of  crow-foot,  more  particularly  where  the 

drainage  is  imperfect.  .  .   .  ,    „-j  „ 

On  a  portioi  of  higher  lying  land,  which  is  irrigated  by  the  aid  of  a 
water-wheel,  worked  by  the  sewage  stream  itself,  aud  where  the  supply 
I  i  ecessarii;  more  limited,  Italian  rye-grass  is  grown,  which  involves 
the  periodical  breaking  up  of  the  land.  After  two  years  ""der  the  rj.e- 
grass  a  crop  of  potatoes  is  taken,  then  Ita  ian  rye-grass  is  sown  again 
and  so  on.    Mr.  Taylor  stated  that  if  this  land  could  be  irrigated  by  an 


199 


abimdauce  of  sewage  by  gravitation  he  should  prefer  to  lay  it  down  as 
permanent  meadow. 

2.  Craigentinny. 

The  meadows  at  Craigentinny,  which  are  tlie  property  of  Mr.  Christie- 
Miller,  are  under  the  management  of  Mr.  Bryce.    About  190  acres  of 
jjermanent  meadow  are  irrigated  by  gravitation.    A  portion  of  this  ai-ea 
consists  of  a  good  loamy  soil,  but  a  part  of  it  was  only  barren  sand  before 
it  was  laid  down  for  sewage  irrigation.   During  the  summer  the  sewage 
is  aijjilied  day  and  night,  and  aU  that  is  available  is  then  used,  excepting 
during  floods.    The  sewage  is  also  applied  through  a  considerable  portion 
of  the  winter,  but  then  dn|]'ing  the  day  only.    Perhaps  it  is  unused  70  to 
80  days  in  the  year.    The  general  plan  during  the  summer  is  to  let  the 
whole  of  the  water  go  over  from  2  to  2^  acres  at  a  time,  changing  every 
3  or  4  hours  during  the  day,  but  less  frequently  during  the  night  ;  and 
the  application  Is  so  timed  as  to  get  over,  on  the  average,  about 
60  acres  per  week,  and  to  give  each  acre  such  a  dressing  about  once  in 
three  weeks.    The  ajiplications  are,  however,  less  frequent  during  the 
winter.    The  distribution  over  about  100  acres  can  be  attended  to  by 
one  man  ;  but  the  cleaning  of  the  runs,  keeping  the  roads,  &c.,  require 
additional  laljour.    Four  to  five  crops  are  obtained  annually  ;  though 
four,  cut  at  the  proper  times,  generally  yield  better,  and  leave  the 
herbage  in  better  condition  than  when  five  are  taken.    From  good, 
well  managed  meadows,  with  sewage  as  liberally  applied  as  on  the 
gravitation  meadows  at  Craigentinny,  Mr.  Bryce  thinks  about  60  tons  of 
green  grass  should  be  obtained  per  imperial  acre  annually.    The  price 
varies,  according  to  season  and  other  circumstances,  from  6d.  to  14rf.  per 
cwt.,  on  the  ground,  standing.    The  produce  consists  almost  entirely  of 
rough  meadow-grass,  which  is  considered  the  most  valuable,  couch, 
which  is  looked  upon  as  a  very  good  grass  and  of  very  rapid  growth' 
and  common  rye-  grass,  which  is  also  considered  a  good  grass,  but  not 
to  give  so  close  a  bottom  as  the  others. 

Ai-rangements  are  also  made  for  irrigating  some  higher  lying  land 
by  raising  the  sewage  about  20  feet,  it  being  first  brought  into  a  large 
tank  by  means  of  a  deep  underground  drain  from  the  highest  level  of 
the  natural  flow,  and  thence  pumped  into  open  channels  for  surface 
distribution.    Only  about  60  imperial  acres  are  now  so  irrigated,  but 
formerly  a  larger  area  was  under  the  treatment.    The  application  is 
continued  from  April  to  October  inclusive  ;  and  each  plot  gets  six 
dressings,  and  yields  three  cuttings,  annually.    If  it  were  not  for  the' 
cost  of  lifting,  more  of  this  land  would  be  laid  down  as  permanent 
meadow,  and  much  more  sewage  would  be  put  upon  it  ;  but  the  supply 
bemg  so  limited  by  the  cost  of  application,  Mr.  Bryce  thinks  it  better 
to  sow  Italian  rye-grass,  break  up  every  two  years  and  grow  potatoes 
re-sow  rye-grass,  and  so  on.  ' 

3.  Roseburn  and  Western  Dairy, 

These  meadows,  situated  to  the  west  of  the  city,  stand  second  in 
point  of  extent  and  importance  to  those  of  Craigentinny  They 
formerly  comprised  100  imperial  acres  or  more,  but  are  now  limited  to 
about  80,  haying  been  considerably  curtailed  by  the  encroachments  of 
railways  and  for  other  purposes;  and  as  much  as  1,000/.  per  acre  has 
Irequently  been  paid  as  compensation.  They  were  laid  down  for 
irrigation  by  Mr  James  Thomson,  who  commenced  his  operations  in 
1826,  and  they  still  continue  under  his  excellent  management.  Part  of 
the  soil  IS  gravelly,  and  part  loamy,  with  a  subsoil  of  clay.   The  sewage 
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coming  to  these  meadows  includes  the  refuse  from  extensive  slaughter- 
houses, und  also  that  from  a  very  large  distillery.  •  It  is  used  all  the 
year  round,  both  day  and  night,  and  on  Sundays  when  it  can  con- 
veniently 1)0  left  to  flow  from  Saturday  night  to  Monday  morning.  In 
summer  the  water  seldom  goes  over  the  same  piece  of  land  more  than  a 
few  hours  together— as  long  as  may  be  necessary  thoroughly  to  soak  it. 
The  land  is  generally  watered  only  twice,  but  occasionally  three  times, 
between  the  cuttings.  In  winter  the  water  is  allowed  to  flow  for  a 
longer  period  over  a  given  area,  in  order  to  "  feed  "  the  land  as  much 
as  possible.  In  laying  down  permanent  meadow  for  irrigation,  Mr. 
Thomson  has  sometimes  sown  a  great  variety  of  grasses,  but  finding 
that  even  when  he  has  sown  15  or  20  ditferent  kinds,  most  of  them  have 
in  the  course  of  a  few  years  gradually  died  out,  leaving  only  those 
suitable  to  the  soil  and  the  sewage,  he  sometimes  selects  only  three  or 
four,  and  in  one  instance  transplanted  couch  from  arable  land,  and 
reports  that  the  piece  so  treated  is  now  as  good  as  any. 

4.  The  Grange, 

Next  in  extent  to  the  Roseburn  and  Dairy  sewage  meadows  come 
those  of  the  Grange,  situated  to  the  sovith  of  the  city,  and  farmed  by 
Mr.  Mc  Gill.  The  area  of  these  meadows  is  at  present  only  imperial 
acres  ;  but  it  is  less  now  than  formerly,  having  been  contracted  for  want, 
as  was  stated,  of  a  sufficient  supply  of  sewage.  Indeed,  the  opinion 
given  by  Mr.  Mc  Gill,  junior,  was,  that  the  greater  the  amount  of  water 
applied  the  better.  The  Table  (p.  198)  shows  that  the  population 
within  the  area  contributing  to  these  meadows,  and  the  amount  of  fluid 
available  per  acre,  are,  however,  very  large.  On  the  other  hand,  the 
district  is  but  imperfectly  provided  with  water-closets,  and  the  sewage 
is  probably  very  dilute.  The  flow  is  frequently  shifted  only  once  a  day, 
though  sometimes  three  or  four  times,  and  in  the  spi'ing,  before  the  first 
cutting,  generally  as  much  as  twice.  The  water  is,  as  a  rule,  applied  the 
day  the  grass  is  removed.  The  application  is  continued  through  the 
greater  part  of  the  winter,  excepting  where  the  last  crop  has  been  fed 
off".  Perhaps  the  sewage  is  unused  about  six  weeks  in  the  year.  The  land 
is  heavy,  and  rather  steeply  inclined.  To  a  few  plots  on  one  side  of 
the  valley  sewage  is  applied  by  gravitation,  through  a  pipe  carried 
across  from  a  higher  level  of  the  natural  flow  on  the  opposite  side. 

The  herbage  contains  no  clover  ;  and  is,  in  fact,  very  soon  brought 
down  to  a  very  simple  character.  It  contains  much  couch,  and  also  in 
some  parts  a  good  deal  of  crow-foot.  When  the  plots  are  well  managed 
four  or  five  cuttings  are  obtained  during  the  season.  The  crops  of 
1862  were  sold  at  sums  varying  from  13^.  to  38/.  5s.  per  imperial  acre  ; 
the  difference  depending  much  upon  the  amount  of  sewage,  the 
character  of  the  land,  the  aspect,  and  the.previous  management  of  the 
cuttings,  all  of  which  affect  the  amount  and  character  of  the  produce  ; 
but  the  convenience  of  position  for  cartage,  proximity  to  other  plots 
held  by  the  purchaser,  and  other  incidental  circumstances,  also  some- 
times affect  the  rates  given  for  individual  plots  considerably. 

Mr.  MeGill  was  of  opinion  that  very  much  depended  upon  the 
quantity  and  strength  of  the  sewage  applied,  and  stated  that  portions  of 
the  land  which  had  been  irrigated  by  comparatively  strong  sewage 
were  much  more  productive  than  others  irrigated  by  almost  pure  water. 

5.  Bose  Bank,  Broughton  Bond. 

These  meadows,  under  the  management  of  Mr.  William  Reid,  comprise 
a  little  more  than  six  imperial  acres,  and  have  been  under  irrigation 
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about  30  years.  They  are  watered  about  11  months  in  tlie  year,  at  a 
cost  of  two  shillings  per  week,  given  to  a  labourer  who  does  the  work 
of  application  at  his  meal-times  and  in  over-time.  The  runs  are, 
however,  cleaned  out  in  the  winter  by  extra  labour,  paid  for  by  the  sale 
of  the  refuse,  which  commands  about  2*.  6d.  per  ton.  As  the  Table 
shows,  tlie  quantity  of  sewage  available  is  enormous,  being  about 
100,000  tons  per  acre  per  annum.  Mr.  Reid  considered  that  quaiitity 
of  water  was  a  very  important  point,  but  that  his  supply  was  sufficient 
for  considerably  more  land.  He  had  not  any  more,  however,  at  a 
convenient  level,  and  did  not  consider  that  it  would  pay  to  be  at  any 
expense  in  raising  the  sewage.  The  irrigation  is  continued  throughout 
the  greater  part  of  the  winter  as  well  as  in  the  summer,  and  on  Suiidays 
as  well  as  on  other  days.  The  water  is  applied  to  the  same  plot  for 
three  or  four  consecutive  days,  and  the  land  gets,  on  the  average,  two 
such  dressings  for  each  cutting.  It  is  considered  better  not  to  apply 
the  sewage  immediately  after  cutting,  but  to  wait  a  few  days  until  the 
grass  has  begun  to  shoot.  The  water  does  not  run  off  the  land  clear. 
Four  or  five  cuttings  are  obtained  annually.  The  plots  are  from  one- 
quarter  to  half  an  acre  each,  and  they  let  at  rates  which  amount  to 
from  251.  to  30Z.  per  imperial  acre. 

Mr.  Eeid's  supply  of  sewage  being  so  abundant,  and  having  garden 
ground  lying  conveniently  for  its  application,  he  occasionally  applies  it 
to  about  two  acres  ;  but  he  stated  that  he  would  go  to  very  little 
expense  in  arrangements  for  the  application  of  such  small  quantities  as 
could  be  so  used.  The  garden  crops  for  which  the  sewage  was  found 
to  be  the  most  useful  are  turnips,  cabbages,  and  onions. 

6.  Qtiarri/  Holes. 

The  Quarry  Holes  meadows,  farmed  by  Mr.  Thomas  Skirving, 
comprise  only  about  eight  imperial  acres,  and  the  amount  of  sewage 
available  per  acre  is  very  large,  being  about  65,000  tons  per  annum. 
The  whole  is  in  permanent  meadow.  The  sewage  is  applied  day  and 
night,  and  on  Sundays,  the  whole  yeai'  round,  excepting  during  very 
hard  frost.  A  plot  of  an  acre,  more  or  less,  receives  the  supply  for 
about  tAvo  days  at  a  time,  and  gets  three  such  dressings  between  the 
cuttings  ;  but  the  water  is  not  put  on  until  two  or  three  days  after 
cutting,  nor  is  it  considered  desirable  to  apply  it  when  the  grass  is  far 
advanced.  As  the  Table  shows,  the  amount  of  population  contributing 
to  each  acre  is  greater  in  the  case  of  these  meadows  than  in  that  of  any 
other  in  the  neighbourhood  of  Edinburgh,  excepting  those  of  Rose  Bank, 
and  the  amount  of  water  is  also  very  large.  There  is  no  doubt  that 
there  is  very  extravagant  expenditure  of  manui-ial  constituents  here,  as 
there  is  indeed  in  all  the  other  cases  ;  but  it  must,  at  the  same  time,  be 
admitted^  that  it  is  under  .these  conditions  that  a  greater  amount  of 
produce  is  obtained  per  acre  under  the  influence  of  sewage  than  any- 
where else,  and  perhaps  among  all  the  Edinburgh  scAvage  meadows 
those  of  the  Quarry  Holes  stand  second  to  none  in  point  of  evenness  of 
herbage,  and  amount  and  value  of  produce  per  acre.  The  prevailino- 
grasses  are  rough  meadow-grass  and  common  couch.  '° 
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APPENDIX  No.  3. 

Notes  on  the  Sewage-irrigated  Meadows  at  Beddington  nkau 

Croydon. 

The  following  particulars  were  obtained  on  the  spot,  partly  from 
Mr.  Latham  the  engineer  to  the  Croydon  Local  Board  of  Health,  and 
partly  from  Mr.  Marriage,  junior,  son  of  the  gentleman  who  rents 
and  farms  the  irrigated  meadows. 

The  population  of  Croydon  contributing  to  the  sewage  tanks  is 
about  16,000  ;  and  the  water  contributed  to  them  is  estimated  at  about 
40  gallons  per  head  per  day  Avithout  rainfall,  and  to  average,  the  year 
round,  perhaps  60  gallons  per  head  per  day  with  rainfall.  These 
amounts  are  equal  to  about  65  tons  per  head  per  annum  without,  and 
98  tons  with  rainfall.  About  300  acres  are  rented  by  the  Board  at 
■il.  per  acre  without  sewage,  and  sub-let  to  Mr.  Marriage  at  51.  per 
acre  with  sewage.  Up  to  Midsummer  1864,  260  acres  had  been 
prepared  for  irrigation,  of  which  about  250  might  be  considered  as 
actually  under  irrigation  during  the  year.  It  was  intended  to  have 
90  to  100  acres  constantly  under  Italian  rye-grass,  but  as  yet  not  so 
large  an  ai"ea  was  under  that  crop. 

The  plan  of  irrigation  is  to  let  the  sewage  flow  over  from  20  to  30 
acres  for  about  four  days  and  nights,  and  to  give  three  such  dresshigs 
between  each  cutting.  As  much  of  the  w£Cter  as  can  be  recovered 
for  the  purpose  is  re-distributed,  and  in  this  way  a  large  proportion 
is  always  used  at  least  twice,  sometimes  three,  and  even  four  times 
over,  and  on  the  average  about  two  and  a  half  times,  by  which  its 
utilisation  and  purification  are  rendered  much  more  complete  than 
otherwise  would  be  the  case.  According  to  the  figures  given  above 
there  are  about  6,250  tons  of  the  dilute  sewage  with  rainfall  annually 
available  for  each  of  the  250  acres  ;  but  as  so  much  of  the  water  is 
re-used  the  average  amount  passing  over  each  acre  is  very  much  more. 
There  are  also  annually  available  for  each  acre  the  excretal  matters  of 
about  64  individuals  of  the  mixed  population  of  both  sexes  and  all 
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The  land  under  sewaged  Italian  rye-grass  is  estimated  to  yield  at 
least  four  cuttings,  and  from  30  to  35  tons  of  green  produce  per  acre 
per  annum.  The  cuttings  commence  in  April,  and  last  to  the  end  of 
October,  and  even  into  November.  This  grass  sells  for  about  25s. 
per  ton  in  London,  and  is  estimated  to  realise  from  16  to  17  shillings 
per  ton  on  the  land.  The  sewaged  meadow-grass  also  yields  at  least 
four  cuttings  annually,  but  it  is  much  less  liked  than  the  Italian  rye- 
grass by  the  London  feeders,  and  is  generally  sold  on  the  land  by  the 
rod,  or  grazed,  and  is  estimated  to  yield  several  pounds  less  gross 
money  return  per  acre  per  annum  than  the  rye-grass. 

Mr.  Marriage  does  not  apply  the  sewage  in  any  systematic  Avay  to 
any  other  crops  than  permanent  meadow  and  ItaUan  rye-grass,  but 
was  about  to  try  it  on  a  small  scale  to  mangolds. 

There  was  a  proposition  under  consideration  by  the  Board  to 
enlarge  the  area  by  100  to  150  acres,  which,  notwithstanding  the 
rapid  increase  of  the  population  and  of  the  sewage  of  the  district,  will, 
if  carried  out,  considerably  reduce  the  number  of  population  con- 
tributino'  and  the  amount  of  sewage  available,  to  each  acre  annually. 

About  180  tons  of  moist  solid  matter  are  annually  deposited,  or 
intercepted  by  the  strainers,  at  the  tanks,  and  are  sold  by  the  Board  at 
a  very  low  price  per  ton.  on:, 
Before  the  above  arrangements  for  passmg  the  sewage  of  Croydon 
the  land  were  made,  the  Board  were  constantly  subjected  to  legal 
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proceedinfrs  on  account  of  the  pollution  of  the  river  Wandle  by  the 
dischar'^e  of  the  sewage  into  it ;  but  now  those  having  the  right  of 
the  fisliTug  in  the  river  have  found  it  worth  while  to  put  down  gratings 
to  prevent  the  fish  ascending  the  drainage  outfall  from  the  sewage- 
irrigated  land.  1.  P 

In  the  following  Table  are  collected  together  the  results  of  some 
partial  analyses  of  Croydon  sewage,  drainage,  &c.,  which  have  been 
kindly  communicated  by  Mr.  Latham.  The  first  four  analyses  are 
given  on  the  authority  of  Messrs.  Way,  Evans,  and  R.  D.  Thomson, 
and  the  remainder  on  that  of  Messrs.  Way  and  Evans  alone. 


Table  I.— Eesults  of  the  Analysis  of  the  Water  of  the  River  Wandle, 
and  of  the  Sewage  of  Croydon  before  and  after  Irrigation. 


Grains  per  Gallon. 

Inorganic 
Matter. 

Organic 
Matter. 

Total 
Solid 
Matter. 

Ammonia. 

Samples  collected  October  1861. 

River  Wandle  above  sewage  outfall 
Do.      do.    below  sewage  outfall 
Sewage  from  an  independent  sewer 
Drainage  after  sewage  irrigation 

18-56 
20-16 
48-30 
23-40 

1-  44 

2-  08 
52-20 

2-40 

20-00 
22-24 
100-50 
25-80 

0-18 
0-18 
6-70 
0-21 

Samples  collected  November  16,  1861. 

Sewage  before  reaching  the  tank,  11  a.m. 

Drainage  after  sewage  irrigation,  12.30  p.m.  - 
Do.  do.  do.  do.  2.30  p.m.  - 
Do.      do,      do.        do.       4.30  p.m.  - 

26-30 
21-25 
26-30 
25-50 

12-80 
6-50 

2-  40 

3-  45 

39-10 

27-  75 

28-  70 
28-95 

Samples  collected  November  18,  1861  (after  a  sharp  frost). 

Drainage  after  sewage  irrigation,,2  p.m. 
Do.      do.      do.        do.      4  p.m. 

20-65 
20-95 

2-65 
2-90 

23-30 
23-85 

The  above  analyses  do  not  show  what  proportion  of  the  several 
constituents  existed  in  suspension  and  solution  respectively  ;  and,  of 
the  two  samples  of  sewage,  that  collected  November  16  contained, 
even  before  reaching  the  land,  comparatively  little  solid  matter  of  any 
kind.  So  far,  however,  as  can  be  judged  from  these  few,  and  little 
more  than  initiative  results,  it  would  appear  that  the  water  was  to  a 
considerably  greater  degree  purified  by  its  passage  over  and  through 
the  land  than  was  the  case  in  the  Rugby  experiments,  in  which  the 
arrangements  did  not  admit  of  the  fluid  being  used  two  or  three  times 
over  as  with  the  more  extended  area  at  Croydon.  The  subject  of  the 
composition  of  the  drainage-water  passing  from  land  liberally  sewaged, 
but  under  arrangements  for  the  re-distribution  of  the  water  until  it 
is  as  far  as  practicable  both  utilised  and  purified,  is,  however,  one  of 
great  importance,  still  requiring  careful  investigation. 
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APPENDIX  No.  4. 
Sewage  of  Towns. 

The  question  as  to  the  best  mode  for  the  disposal  of  town  sevvaKC 
has  been  met,  in  some  recent  instances,  with  a  demand  to  abolish  main 
outlet  sowers  and  return  to  "a  judicious  use  of  cesspools  " 

Those  who  advocate  a  return  to  cesspools  cannot  have  made  them- 
selves  thoroughly  acquainted  with  the  evils  involved  by  a  retention  of 
reluse  near  and  within  dwelling  houses  until  putrid  fermentation  sets 
in  and  the  most  deadly  forms  of  disease  prevail.  Modern  sewera<^e 
and  drainage  works  have,  by  the  discharge  of  sewage,  unquestionably 
iouled  rivers,  and  there  is  a  strong  desire  expressed  on  behalf  of 
proprietors  and  populations  resident  on  the  banks  of  rivers,  to  prevent 
such  fouling  by  forbidding  any  discharge  of  town  or  house  sewan-e  into 
rivers. 

In  the  metropolis  works  of  extraordinai-y  magnitude  in  "  High 
Level,"  "  Mid  Level,"  "  Loav  Level  intercepting,"  and  "  River  Em- 
bankment Sewers,"  are  now  in  course  of  construction,  the  estimated 
cost  of  which  works  exceeds  4  millions  sterling.  The  whole  volume 
of  sewage,  on  both  sides  of  the  Thames,  being  discharged  into  the  river 
at  the  points  of  outlet.  These  works,  gigantic  and  costly  as  they  are, 
only  imperfectly  intercept  sewage  from  the  river  Avithin  the  boundaries 
of  the  metropolis  to  discharge  the  concentrated  volume  into  the  tidal 
area  a  few  miles  near  the  estuary. 

Proposals  to  utilize  the  sewage  and  to  remove  it  from  the  Thames 
outlets  are  before  the  Metropolitan  Board. 

Town  sewering  and  the  disposal  of  town  sewage  involve  sanitary 
questions  of  vital  importance  to  the  entire  community — questions  which 
have  not  been  fully  discussed,  because  they  do  not  seem  to  have  been 
fairly  comprehended  as  forming  the  basis  of  sanitary  science. 

Irrigation  of  land  by  water  is  probably  as  old  as  civilization.  The 
walers  of  the  Nile  irrigated  the  lands  of  Egypt  from  time  immemorial, 
and  irrigate  them  to  this  day.  There  are  vast  ruins  in  Ceylon  and  in 
central  India  of  "  bunds,"  reservoirs,  tanks,  and  conduits  which  were 
used  for  the  irrigation  of  adjoining  lands.  In  China,  rivci-s,  lakes,  and 
canals  are  made  to  aid  artificial  irrigation,  and  were  so  used  when 
Great  Britain  was  inhabited  by  painted  savages  ;  and  there  are 
remnants  of  canals  and  water  conduits  in  Mexico  and  Peru,  formed 
by  a  race  of  men  who  are  chiefly  known  by  vast  ruins  of  temples  buried 
in  almost  impenetrable  forests. 

Throughout  the  whole  of  the  East  water  has  been  economized  and 
used  for  purposes  of  agriculture  from  times  beyond  the  records  of 
written  history. 

There  are  modern  works  of  irrigation  on  a  great  scale  in  British 
India  and  in  parts  of  Spain,  as  also  in  Northern  Italy.  Italian  irriga- 
tion is  fully  described  in  a  "  Report  on  the  Agricultural  Canals  of 
Piedmont  and  Lombardy."  Two  volumes  (1852). 

The  information  contained  in  these  volumes  is  so  much  to  the  point, 
in  some  respects,  as  showing  how  vast  volumes  of  water  are  regularly 
and  continuously  disposed  of  for  purposes  of  land  irrigation,  that  I 
have  made  a  short  abstract.  The  entire  volume  of  London  sewage  is 
only  a  small  fraction  compared  to  the  bulk  of  water  used  in  Piedmont 
and  Lombardy. 
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(In  the  Preliminary  Sewage  Commission  Report,  Appendix  No.  1., 
an  account  is  given  of  a  visit  of  inspection  made  by  members  of  the 
Commission  to  Milan.) 

In  Piedmont  some  one  and  a  half  millions  of  acres  are  under  irri- 
gation ;  the  volume  of  water  at  command  is  stated  to  be  8,290  cubic 
feet  per  second,  conveyed  through  1,200  lineal  miles  of  canals,  and 
distributed  by  numerous  minor  carriers  and  irrigating  channels.  The 
volume  of  water  passed  on  to  the  irrigated  lands  varies  from  5,000  up 
to  12,000  tons  per  acre  per  annum. 

In  Lombardy  vast  areas  of  land  are  under  irrigation.  In  round 
numbers  some  9,350  square  miles,  or  about  six  millions  of  acres.  The 
volume  of  lake,  river,  and  spring  water  at  command  is  estimated  at 
30,730  cubic  feet  per  second,  or  about  100  times  the  estimated  volume 
of  sewage  to  flow  from  the  entire  metropolitan  area.  Within  the  water- 
shed of  the  Thames  there  are  about  three  and  a  half  million  acres,  and 
the  dry  weather  flow  of  the  Thames  may  be  stated  as  about  1,000  cubic 
feet  per  second,  so  that  it  appears  a  volume  of  water  equal  to  thirty 
times  the  dry  weather  flow  of  the  Thames  is  used  for  purposes  of 
irrigation  in  Lombardy. 

The  irrigated  soil  of  Piedmont  and  Lombardy  consists,  for  the  most 
part,  of  deep  beds  of  gravel  overlaid  by  light  sands  through  which  water 
finds  its  way  with  facility.  In  the  plains  there  are  marsh  and  heavy 
lands  requiring  to  be  drained  ;  vast  areas  are  grazed  by  horses,  cattle, 
pigs,  and  other  stock,  the  manure  made  serving  to  enrich  the  soil. 

The  climate  of  Piedmont  and  Lombardy  is  favourable  to  a  large  use 
of  water.  In  May,  June,  July,  and  August  the  mean  temperature 
throughout  the  irrigated  region  ranges  from  70°  to  75°  Fahr.,  and  the 
maximum  from  85°  to  90°.  At  Milan,  the  temperature  is,  at  times,  94°, 
at  Brescia  93°,  at  Lodi  91°,  and  at  Mantua  98°  ;  the  hygrometer 
showing  an  extraordinary  degree  of  dryness  in  the  atmosphere  during 
the  season  of  irrigation.  With  such  subsoil,  gravel  and  sand,  such 
temperatures,  70°  to  98°  Fahr.,  and  with  such  dryness  of  atmosphere, 
water  for  the  land  is  of  the  utmost  importance.  During  winter  the 
entire  district  is,  however,  in  a  state  of  extreme  humidity,  approaching 
closely  to  saturation. 

The  fall  of  rain  in  the  irrigated  region  is  about  38  inches  annually. 
The  fall  of  rain  is,  however,  confined  to  few  days  as  compared  with 
England.  In  Piedmont  there  are  about  24  rainy  days,  and  in  Lombardy 
about  71  rainy  days  during  the  year.  On  an  average,  in  northern  Italy, 
there  are  about  200  clear  days  of  sunshine,  125  cloudy  days,  and  only 
40  days  on  which  rain  f\ills.  For  little  less  than  half  the  year  the  sky 
at  Milan  is  unclouded,  at  Lodi  more  than  half  the  year,  and  at  Brescia 
for  two  thirds  of  the  entire  year  the  sun's  liglit  and  heat  are  unchecked 
by  cloud,  so  that  we  can  comprehend  how  subsoil  and  climate  allow 
30  millions  of  tons  of  water  per  day  to  be  passed  over  irrigated 
portions  of  lands  with  advantage.  The  pecuniary  results  obtained 
vary  from  £5  per  acre,  in  the  country,  up  to  £10,  and  even  £20 
per  acre  per  annum  in  the  suburbs  of  Milan  and  other  towns.* 

Nature  has  done  much  for  northern  Italy  in  having  provided  moun- 
tain, rivulet,  lake,  river,  and  plain.  Lombardy  is  bounded  on  the  north 
by  mountains  (the  Alps)  capped  with  coverings  of  snow  ;  there  is  a 
vast  drainage  area  situate  from  1,0G0  to  3,000  feet,  and  rising  in  moun- 
tain peaks  15,000  feet  above  the  sea.  This  area  is  studded  with  lakes 
of  which  Lago  Maggiore  is  obe  of  the  chief;  this  single  lake  havin"^ 


*  "n  irrigation  do  not  pay  interest  upon  the  monev  expended 

even  wuh  all  the  natural  advantages  of  subsoil  and  climate.  ^  expeuaea 
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a  superficial  area  of  water  of  47,280  acres,  and  an  outlet  elevation  of 
638  feet  above  the  sea.  Springs,  rivulets,  and  streams  feed  the  lakes 
which  act  as  huge  natural  storage  reservoirs,  out  of  which  rivers  and 
rivulets  flow  down  into  and  through  the  vast  sunny  plains  below. 
Artificial  waterworks  in  Great  Britain  sink  into  insignificance  when 
compared  with  the  arrangements  provided  by  nature  above  the  plains 
of  Lombardy  ;  even  the  huge  "  bunds "  and  reservoirs,  tanks  and 
conduits  of  Ceylon  and  of  India  are  small  in  magnitude  compared 
with  the  lakes  of  uorthern  Italy.  Nature  lifts  the  water  in  vapour 
and  in  cloud,  to  store  it  so  as  to  be  available  for  human  uses.  For 
irrigation  in  Piedmont  and  Lombardy  there  is  no  artificial  steam  and 
engine  power  requisite.  The  fuel  is  in  the  sun,  the  lifting  apparatus 
is  in  the  clouds,  vast  natural  lakes  are  store  reservoirs,  whilst  rivers 
and  smaller  streams  are  conduits  or  "  carriers." 

The  modern  sewering  of  towns  and  draining  of  houses  in  England 
has  led  to  the  fouling  of  streams  and  rivers  ;  but,  and  this  must  bo 
fully  considered,  the  value  of  human  life  has  been  increased  in  propor- 
tion as  cesspools  and  cesspits  have  been  abolished,  and  refuse  has  been 
removed  in  water. 

The  beneficial  effects  of  sewers,  drains,  and  waterclosets,  in 
improving  health,  ai*e  recorded  regularly  in  the  Registrar  General's 
returns.  Notable  instances  have  been  mentioned  as  having  taken 
place  at  Salisbury,  at  Worthing,  and  at  other  places.  Dr.  Letheby 
regularly  records  a  rate  of  mortality  for  the  city  of  London  which 
no  other  capital  in  the  world  can  parallel.  The  mortality  of  the  metro- 
polis is  lower  than  that  of  Liverpool,  Manchester,  Birmingham,  Leeds, 
Sheffield,  or  any  other  great  town  in  the  United  Kingdom.  In  Lon- 
don, privies,  cesspools,  and  cesspits  have  been  systematically  abolished, 
tubular  drains  and  waterclosets  have  been  substituted.*  In  the  other 
large  towns  named  the  local  civic  authorities  have  not,  as  yet,  learned 
so  much  of  sanitary  science.  They  believe  in  cesspits,  or  they  dread 
sewerage  rates  ;  there  are,  however,  worse  forms  of  taxation  than 
sewerage  rates.  The  Registrar  General  in  his  report  on  the  mortality 
of  cholera  in  England,  1848-49,  wrote,  "  Cholera  ravaged  the  popula- 
"  tion  through  summer,  after  harvest  destroyed  more  than  a  thousand 
"  lives  a  day  for  several  days  in  succession,  and  in  the  year  had  slain 
"  53,293  men,  women,  and  children.  Pestilence  found  in  so  many  cities, 
"  towns,  and  districts,  poisonous  putrid  matters  ready  to  destroy  this 
■"  number  of  inhabitants.'' 

Plague,  cholera,  and  typhus  appear  to  have  one  common  propa- 
gating nidus — fermenting  filth,  foul  air,  and  squalor.  There  must  be 
soil,  seed,  rain,  and  sunshine  to  produce  herbage^  and  grain  ;  there 
must  be  the  elements  necessary  to  grow  zymotic  diseases  before  they 
can  prevail. 

■  The  common  privy  and  cesspit  are  great  nuisances,  especially^  in 
town*.  The  cesspit  is  most  frequently  placed  in  small  yards  behind 
houses,  at  times  beneath  living  rooms  and  bed-rooms,  crowded  in 
amongst  thickly  built  cottages,  so  as  to  foul  the  subsoil  below  and  the 
air  above  ;  very  frequently  the  festering  wet  soil  filters  through  cottage 
walls  or  floods  the  cottage  floor,  causing  discomfort,  disease,  and  death. 
Parish  surgeons  and  medical  men  who  visit  the  poor  have  borno 
witness,  on  numerous  occasions,  to  the  evils  of  town  cesspits.  Local 


*  Old  sewers  in  the  Metropolis  have  not  been  constructed  on  any  well  defined  prin- 
ciples. There  are  about  1,300  miles  of  main  sewers,  besides  82  miles  of  outlet 
sewers,  and  upwards  of  300,000  houses  drained.  Jlany  of  these  old  sewers  are  in 
ruins,  have  flat  inverts,  and  retain  foul  deposit.  The  main  sewers  are  also  defectively 
ventilated. 
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registrars  record  tlio  heaviest  death-rates  in  such  districts,  and  the 
relieving  officer  spends  most  of  the  parish  money  among  the  w^retched 
inhabitants. 

In  many  lai'ge  towns  cesspits,  though  private  nuisances,  are  public 
property  ;  the  municipal  governments  claim  the  right  to  empty  them. 
The  Avord  "  cleanse  "  is  used  in  the  municipal  records  ;  cesspits  are 
emptied,  but  they  are  never  cleansed.  In  this  process  of  emptying 
there  is  a  vast  amount  of  human  suffering.  Not  unfrequently  the 
foul  refuse  must  be  carried,  or  wheeled,  through  houses,  on  all  occasions 
it  must  be  removed  into  streets,  and  those  only  who  have  experienced 
the  sickening  smell  can  fully  understand  the  misery  endured  by  the 
unfortunate  inhabitants  given  up  to  the'  operations  of  nightmen. 
This  operation  is  not  only  foul  and  mischievous,  but  unremunerativ.e 
to  the  extent  of  50  per  cent,  of  the  entire  outlay.  That  is,  if  it 
costs  £20,000  per  annum  to  empty  the  middens  and  cesspits  in  Man- 
chester, the  sale  of  manure  and  ashes  will  not  produce  more  than  half 
this  amount.  The  pecuniary  loss  to  the  inhabitants  in  damaged  health 
cannot  so  readily  be  estimated. 

As  compared  with  privy  and  cesspit  the  waterclcset  is  a  vast 
improvement,  and  if  drain,  sewer,  and  water  supply  are  complete,  no 
fouling  of  urban  atmosphere  or  of  subsoil  can  take  place.  From  a  well- 
drained  house,  and  completely  seweied  town,  all  refuse  is  removed  at 
a  rate  of  at  least  one  mile  per  hour.  "  Dry  closets,"  of  every  form,  are 
necessarily  social  abominations  in  a  town. 

Some  few  attempts  have  been  made  to  apply  liquid  sewage  direct 
to  land  for  agricultural  uses,  but  no  actual  and  unmistakable  results 
have,  as  yet,  been  realized  on  any  great  scale.  Edinburgh  and 
Croydon  are  both  exceptional  in  some  respects.  Large  volumes  of 
sewage,  at  both  these  places,  flow  directly  on  to  and  over  land 
peculiarly  fitted  by  nature  to  produce  results,  in  many  respects, 
favourable.  In  neither  case  is  there  (to  any  serious  extent)  steam- 
engine  power  required  for  pumping,  nor  is  there  any  expensive  dis- 
tributing plant,  or  distributing  piping.  The  sewage  is  flooded  on  to 
the  land  without  cost,  without  stint,  without  fettering  conditions  and 
It  produces  heavy  crops  of  grass,  and  below  Edinburgh  some  of  the 
land  has  been  continuously  irrigated  for  more  than  200  years  without 
diminution  of  the  annual  crop.  Land  is  the  proper  place  for  liquid 
sewage,  and  m  every  instance  where  liquid  sewage,  in  its  discharge 
frona  sewers,  is  liable  to  become  a  nuisance  the  local  authoritiS 
ought  to  >  compelled  to  filter  their  sewage  through  land,  even  if  at 
a  pecuniary  loss  in  the  process.  Towns  can  afford"  to  pay  the  neces 
sary  costs  of  works  capable  of  preventing  both  nuisance  Ld  disease 
Liverpool  and  Manchester  each  pay  some  eight  or  ten  thousands 
Irr?  M  t«  J-^^ove  foul  cesspit  matler,  whic^ ha  worked 

incalculable  mischief.    It  cannot,  therefore,  be  considered  any  extra- 

rftiirr  -  ^-^^^^'^^^  -  ^«  ^o.-La:Tz  trbrd:: 

That  town  sewngc  has  value  as  a  manure  has  been  movprl  iw  „  • 
chemist  ot  name.    Liebi«,  Lawe«  Wov  RilUrt  ij  « / ''^'"7 
give  it  a  money  value  ofVrom  iiT^^rf''; L^^^^^^^^^  'tf'°" 
Way,  however,  afford,  a  key  to  one  form  of  difBoultv  ""raelv  .bl  '"!' 
of^^phcafon  may  he,  in  some  caaes.  more  tha',f' I'lTvle' ofX 
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precipitation  m  tanks  ;  the  sewage  water,  slightly  clarified,  flowin'r 
into  the  river  Tame  from  the  tanks.  The  dry  weather  volume  o°f 
sewage  at  Birmingham  is  about  12  million  gallons  per  day,  the  amount 
ot  sediment  removed  from  the  subsiding  tanics  is  about  25,000  tons  per 
annum.  This  sediment  is,  for  the  most  part,  road  grit,  worn  and 
washed  from  road  and  street,  mixed  with  true  sewage  matter.  The 
tanks  are  regularly  emptied,  but  the  material  is,  or  was,  unsaleable 
even  at  so  low  a  price  as  sixpence  per  ton.  Tlie  refuse  comes  out  in 
the  form  of  sludge  and  cannot  be  readily  dried  so  as  to  be  made 
portable.  The  cost  to  the  corporation  is  some  thousands  per  annum. 
The  river  is  still  tainted,  and  the  adjoining  land  is  injured  rather  thaii 
benefited. 

.  Liquid  sewage  is  spread  over  land  at  Croydon  by  gravitation  ; 
at  Carlisle,  Rugby,  Watford,  and  at  Worthing  by  pumping.  In  some 
other  places  the  sewage  solids  are  intercepted,  as  at  Leamington, 
Cheltenham,  Leicester,  Tottenham,  Worksop,  and  Morpeth  ;  but  in  the 
greatest  number  of  places  the  entire  sewage  is  wasted  into  the  nearest 
river  or  watercourse,  as  at  Berwick-upon-Tweed,  Alnwick,  Lancaster, 
Liverpool,  Manchester,  and  at  most  of  the  Lancashire  towns,  as  also 
at  all  the  towns  throughout  Cumberland^  Northumberland,  Durham, 
and  Yorkshire.  Indeed  one  sweeping  remark  may  include  99  hundreds 
of  all  the  cities,  towns,  villages,  and  districts  in  Great  Britain, — ^with 
slight  exceptions,  there  is  a  general  waste  of  sewage,  where  sewers 
exist. 

The  question  of  sewage  utilization  has  been  thrown  back  by  errors 
in  works  ;  too  much  has  been  expected  and  too  much  has  been  at- 
tempted. Experience,  so  far  as  carried,  proves  that  fluid  sewage 
cannot  be  manipulated  into  a  solid  manure  so  as  to  pay.  There 
have  been  attempts  at  Leicester,  at  Tottenham,  and  for  a  time  at 
Croydon.  During  the  continuance  and  working  of  these  sewage  works 
there  was  the  greatest  possible  amount  of  nuisance  with  no  paying 
result.  At  Leicester  the  solid  which  was  expected  to  sell  for  four 
pounds  per  ton  could  not  be  sold  for  four  shillings  a  ton.  At  Bir- 
mingham the  sewage  sludge  accumulates  beyond  the  power  to  sell  it  at 
sixpence  a  ton.  At  Leamington  there  is  an  annual  cost,  at  the  outlet 
works,  of  some  400/.  to  precipitate  and  remove  the  sludge  from  about 
one  million  gallons  of  sewage  per  day.  At  Cheltenham,  Coventry, 
Worksop,  and  at  some  other  places  the  deposited  sludge  is  sold  at 
prices  ranging  from  one  shilling  to  two  shilhngs  per  ton  ;  in  all  these 
cases  the  fluid — the  true  sewage — is  wasted.  « 

To  utilize  fluid  sewage  land  is  required,  and  a  regular  agricultural 
establishment  must  be  set  up.  Town  Councils  and  Local  Boards  of 
Health  have  not,  as  yet,  considered  it  a  part  of  their  duty  to  obtain 
land  by  lease  or  by  purchase — with  the  exception  of  Croydon — and 
here  an  "  Injunction  "  was  necessary  to  compel  local  action. 

The  Croydon  case  settles  the  question,  so  far  as  it  goes,  namely, 
that  irrigation  by  gravity,  through  surface  carriers  and  open  grips, 
over  loamy  ground,  and  producing  grasses,  will  purify  sewage  water 
without  causing  nuisance,  and  will  also  produce  a  moderate  income. 
But,  if  the  Croydon  sewage  had  required  to  be  lifted  350  feet  vertical 
(the  lift  contemplated  for  vast  volumes  of  metropolitan  sewage),  and  if 
cast  iron  and  earthenware  conduit  pipes  (as  proposed  for  distributing 
metropolitan  sewage)  had  been  laid  down  the  balance  would  have  been 
against  the  Local  Board  of  Croydon.  .  ^ 

The  only  safe  mode  of  advancing  the  project  of  sewage  application 
will  be  to  commence  works  in  the  simplest  and  cheapest  forms  ;  nauiely. 
surface  irrigation  by  gravity.  This  can  be  done  on  both  sides  ot  (he 
Thames  to  a  limited  extent ;  the  experiment,  if  found  to  pay,  can  then 
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from  time  to  time,  be  extended.  To  lease  the  sewage  of  London  to 
n  company,  proposing  to  raise  and  expend  capital  by  many  millions 
sterlino-  will  bo  ruin  to  confiding  shareholders  and  a  cruel  punish- 
ment to'many  innocent  persons.  The  Leicester  ScAvage  Company  was 
supported  by  men  of  reputation,  wlio  risked  their  money  and  lost  it  ; 
but  many  innocent  persons  were  lured  in  by  seeing  well  known  names 
on  the  list  of  shareholders  ;  so  it  has  been  and  so  it  will  be  again 
if  the  Metropolitan  Board  of  Works  is  driven,  by  outside  opinion, 
to  act  contrary  to  common  sense  and  experience. 

The  great  irrigation  works  in  Piedmont  and  Lombardy  may  be 
studied  with  advantage  ;  lakes  and  rivei-s  are  turned  to  account  on  a 
gi-and  scale,  vast  volumes  of  water  are  conducted  along  open  canals, 
and  such  waters  are  distributed  by  open  conduits  and  carriers  :  the 
entire  volume  of  water  is  disposed  of  by  means  of  surfece  irrigation. 
The  works  are  cheap,  as  compared  with  the  cost  of  cast-iron  mains, 
and  hose  and  jet,  for  distribution.  It  may  be  said  "  Italian  irri- 
"  gation  is  by  pure  water,  and  London  sewage  could  not  be  safely 
exposed  in  open  channels."  The » reply  is,  that  open  canals  will 
in  every  respect  be  cheaper  ;  and,  practically,  may  be  prevented 
from  being  a  nuisance.  Covered  conduits  may  be  adopted  near  towns 
and  near  houses  ;  but,  as  by  far  the  greatest  length  of  canal  and 
carrier  must  be  in  the  country,  covering  such  canals  and  carriers, 
in  such  positions,  would  be  an  extravagant  waste  of  capital.  Brick 
tanks,  in  which  to  store  sewage,  soon  become  vast  abominations  ; 
canal-like  tanks,  with  earth  sides,  should,  in  all  cases,  be  used,  as  the 
earth  acts  as  a  disinfectant  ;  and  in  such  canals  greater  length  and 
area  can  be  obtained  for  the  outlay. 

If  the  rivers  of  England  are  to  be  purified,  it  must  be  by  inter- 
cepting canals  to  receive  all  fluid  refuse  and  convey  it  to  land  for 
purposes  of  irrigation.  The  river  Thames  requires  intercepting  canals 
through  its  entire  length.  Such  work  need  not  be  planned  beyond  the 
rateable  means  of  the  populations  resident  on  its  banks,  and  wlio  now 
contribute  to  the  pollution  of  its  waters.  This  form  of  improvement 
may  also  be  cai-ried  out  on  every  polluted  river  in  the  kingdom  Avith 
advantage.  Any  income  derived  from  irrigation  will  be  in  reduction 
of  first  cost,  establishment,  and  working  charges. 

The  inquiries  and  experiments  made  up  to  this  time  tend  to  the 
following  conclusions  ;  namely. 

That  the  pollution  of  rivers  and  streams  ought  to  be  prevented. 

That  sewage  is  beneficial  to  agriculture,  when  applied  to  land. 

That  the  available  value  of  sewage  will  depend  upon  local  con- 
tingencies, which  can  only  be  estimated  when  all  the  elements 
are  known.  The  chemists'  test  and  value  form  only  one  item  in 
the  problem. 

When  sewage  is  applied  to  land,  as  at  Edinburgh  and  at  Croydon, 
It  does  not  appear  to  injuriously  affect  health  in  thc'locality. 
_  Sewage  irrigation  works  should  be  as  simple  and  as  economical  as 
as  possible.  Gravitation  and  surface  irrigation,  as  at  Edinburgh  and 
at  Croydon,  should  be  made  available  wherever  practicable.  If^  steam 
pumping  power  is  necessary,  open  canal-like  tanks,  open  carrier^ 
and  surface  irrigation  should  be  adopted.  No  lift  sliould  be  at- 
tempted greater  than  is  necessary  to  allow  the  sewa'-e  to  flow  W 
simple  gravity.  •'^ 

_  Sewage  irrigation  may  be  carried  on  over  the  same  ground  for  an 
indehnite  period,  as  is  proved  by  some  of  the  land  near  Edinburgh 
wincl.  has  been  regularly  irrigated  upwards  of  two  centuries.  ' 

norJnl>i^'°"!n''  ^'■'"'^  ^T""  "P'i'-^^i'ig  selvage,  so  as  to  obtain  a 

poi table  sohd  manure.  Las  ever  been  made  to  ])ay  in  Great  Britain. 
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The  utilization,  so  as  to  purify  town  sewage,  ought  to  be  imperative, 
OS  at  Croydon,  . 

Sewage  is  continuously  produced  and  should  be  as  continuously 
utilized.  Ihis  will  be  accomplished  most  easily  and  cheaply  by 
having  at  command  a  proper  proportion  of  land  to  act  as  a  filter, 
band,  gravel,  or  combinations  of  sand,  gravel,  and  loam  form  the 
best  natural  filters.  Heavy  clay  lands  should  bo  avoided,  excepting 
lor  moderate  irrigation. 

It  Avill  cost  more  in  capital  for  plant,  and  in  labour  to  manipulate 
500  tons  of  sewage  over  ten  acres  by  cast-iron  pipes,  hydrants,  and 
hose  and  jet,  than  to  utilize  5,000  tons  on  one  acre  by  open  earners. 

Sewage  is  not  equally  rich  at  all  times  of  the  twenty-four  hours. 
In  sewers  which  regularly  discharge  fresh  sewage,  as  at  Carlisle 
and  at  all  towns  sewered  on  true  principles,  night  sewage  and 
day  sewage  differ  materially.  At  Carlisle  analyses  have  shown 
that  from  10  o'clock  p.m.  to  8  o'clock  a.m.  discharge'  from  the  outlet 
sewer  is  almost  entirely  subsoil  water.  There  is,  as  might  be  ex- 
pected, an  increase  in  volume  •and  strength  in  the  morning  about 
9  o'clock  ;  at  noon,  and  again  from  6  to  8  o'clock  p.m.  In  Carlisle, 
in  Wigan,  and  in  Swansea,  with  35,000  inhabitants  each,  and  with 
some  6,000  houses  drained,  there  is  no  expenditure  below  the  surface 
in  the  sewers  to  remove  solids.  The  daily  flow  of  water  is  sufficient  to 
preserve  the  sewers  clean. 

The  sewering  of  towns  on  correct  principles  ought  to  be  promoted, 
so  as  to  ensure  cleanliness,  comfort,  and  health. 

Parliamentary  authority  is  needed  to  give  enabling  powers  to  deal 
Avith  sewage,  as  generated  in  the  several  river  drainage  areas. 

The  only  safe  mode  of  disposing  of  town  sewage  is  to  filter  it 
through  land.  The  agricultural  value  will  be  dependent  on  local 
contingencies.  Where  conditions  are  favourable  and  works  are  cheap 
and  economically  managed  the  application  of  sewage  for  agricultural 
uses  will  pay.  Where  conditions  are  not  favourable,  a  small  rate  in  aid 
may  be  required,  as  at  present  is  the  case  in  many  towns,  to  enable 
local  authorities  to  dispose  of  cesspool  and  cesspit  matters. 

River  areas  should  be  dealt  with  as  a  whole,  and  not,  as  at  present, 
in  detail. 

EOBEKT  EaWLINSON,  C.E. 

Note. — The  map  of  the  river  Thames  Drainage  Basin  serves  to 
show  how  complicated  the  question  of  pollution  has  become.  There 
are  56  towns  within  the  basin  of  the  Thames  above  the  Chelsea  and 
other  West-end  Metropolitan  Waterworks  pumping  stations  at  Hamp- 
ton. These  towns  consist  of  not  less  than  147,000  houses,  and  com- 
prised a  population  at  the  census  of  1861  of  710,000.  This  population 
•  is  increasing.  Many  of  these  towns  at  present  sewer  into  the  Thames, 
or  into  its  tributary  streams,  as  at  Windsor,  Henley,  Reading,  and  at 
Oxford.  New  and  more  perfect  sewerage  works  are  contemplated  for 
Reading,  for  Oxford,  and  for  other  of  the  towns  in  the  Thames  Basin, 
so  that  the  waters  of  the  river  will  become  more  and  more  polluted, 
unless  some  adequate  provision  is  made  to  compel  filtration  of  all  town 
and  house  sewage  through,  at  the  least,  four  feet  in  depth  of  agricul- 
tural land.  x/-  II    •  i  ii 

The  map  also  shows  the  northern  and  southern  outfalls  into  the 
Thames  and  the  site  of  the  Foulness  and  Maplin  sands,  which  sands 
are  proposed  to  be  reclaimed  and  irrigated  by  the  Metropolitan  sewage 
from  the  northern  side  of  the  Thames. 
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On  the  Contamination  of  the  Water  of  Leith  by  the  Sewage 
of  Edinburgh  and  Leith.  By  Stevensoa  Macadam,  Ph.  U., 
F.R.S.E.,  F.C.S.,  Lecturer  on  Chemistry,  Surgeons'  Hall,  Edin- 
burgh. 

I.  Introduction. 

The  draiua-e  of  the  city  of  Edinburgh  is  at  present  carried  away 
by  three  main  channels,  and  the  boundaries  of  these  are  determined 
by  the  uneven  nature  of  the  ground  on  which  Edinburgh  stands, 
which  necessitates  that  there  shall  be  three  distinct  watersheds,  ihe 
entire  population  of  Edinburgh  is  about  168,121  persons,  who  inhabit 
34  828  separate  occupations,  and  the  rental  of  the  city  in  1863-4  was 
933,536^.  sterling.  The  three  drainage  districts  convey  the  sewage  to 
separate  Avaters  or  burns,  and  whilst  a  large  proportion  of  the  sewage 
is  carried  to  the  Water  of  Leith,  much  is  taken  away  to  the  sea  by 
the  Craigeutinny  Burn  and  the  Powburu  or  Jordanburn.  The  larger 
proportion  of  the  drainage  passes  into  the  Water  of  Leith,  and  is 
thence  carried  down  to  Bennington  and  Leith,  receiving  accessions 
of  sewage  as  it  passes  on,  and  when  it  arrives  at  the  harbour  of  Leith, 
the  water  is  still  further  contaminated  by  the  discharges  from  the 
sewers  of  Leith. 

The  Water  of  Leith  drainage  system,  within  the  parliamentary 
boundary  of  the  city  of  Edinburgh,  comprehends  an  area  of  2,196 
acres,  on  which  there  are  13,243  separate  occupations,  and  the  rental 
of  which  in  1863-4  Avas  456,108/.,  whilst  the  population  numbers 
about  69,000.  Of  the  13,243  dwellings  there  are  4,460  houses  and 
shops  which  have  no  water-closets,  but  active  measures  are  being 
taken  by  the  municipal  authorities  to  enforce  the  introduction  of  water- 
closets  into  those  houses  which  are  still  devoid  of  such  conveniences  ; 
and  when  these  are  carried  out,  the  amount  of  sewage  Avill  probably 
be  increased  about  one  fourth.  The  niiijority  of  the  houses  which 
drain  into  the  Water  of  Leith  have  cesspools  in  their  immediate 
neighbourhood,  and  these  tend  to  arrest  much  of  the  more  solid 
parts  of  the  sewage,  but  these  cesspools  are  gradually  being  abolished, 
although  it  will  take  some  time  to  remove  the  whole,  as  about 
12,000  out  of  the  13,243  houses  in  this  district  are  still  connected 
with  cesspools  into  which  all  the  sewage  from  the  houses  passes 
and  thereafter  the  liquid,  with  more  or  less  solid  matter,  flows  olF  into 
the  drain  and  sewer.  When  these  cesspools,  which  are  a  relic  of  a 
bygone ]^ system,  are  entirely  done  away  Avith,  the  quantity  of  solid 
matter  conveyed  in  the  scAvage  of  Edinljurgh  will  necessarily  increase. 
The  population  of  Leith  is  about  35,000,  of  whom  22,000  reside  south 
of  the  harbour,  in  that  part  of  Leith  known  as  South  Leith,  AA'hilst 
the  remainder  occupy  houses  to  the  north  of  the  harbour,  in  the 
district  of  North  Leith. 

During  last  session  parliamentary  poAvers  AA'ere  acquired  for  the  con- 
struction of  a  main  drainnge  pipe  Avhich  Avould  intercept  the  sewage 
of  the  large  district  of  Edinburgh  and  Leith,  Avhich  is  noAV  allowed  to 
pass  into  the  Water  of  Leith,  and  convey  that  scAvage  direct  to  the  sea. 
The  designs  for  this  scheme  of  main  drainage  were  made  by  Messrs. 
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bteyenson,  M-Phcrson,  and  Paterson,  and  the  engineering  details  given 
in  ttiis  paper  are  taken  from  the  reports  and  evidence  of  Messrs.  D  and 
1 .  htevenson  under  whom  the  works  fire  being  carried  out.  The 
arainage  of  North  Leith  is  not  proposed  to  be  connected  with  the 
main  tlraniage  pipe,  but  is  to  be  carried  out  independently  by  the 
Lorponition  of  Leith,  and  the  liquid  is  to  ha  discharged  into  the  sea  by 
a  special  conduit.  The  drainage  of  South  Leitli,  however,  is  to  be 
intercepted  by  the  main  drainage  pipe,  and,  along  with  the  sewage  of 
the  Ldinburgli  district  the  whole  is  to  be  carried  out  to  sea  and 
discharged  at  the  Black  Rocks. 

The  cost  of  the  main  drainage  works  will  be  defrayed  by  an  assess- 
inent  for  one  year  not  exceeding  2*.  6d.  per  pound  on  the  rental  of  those 
houses  and  premises  Avhich  are  within  the  drainage  district  and  the  , 
parliamentary  boundaries,  and  which  contribute  to  the  sewage  ;  and 
as  the  rental  of  the  Water  of  Leith  district  in  Edinburgh  is  456, 108^.. 
and  of  South  Leith  80,600/.,  the  total  rental  to  be  taxed  is  536,708/. 
An  assessment  of  2s.  6d.  in  the  pound  on  this  sum  will  yield 
67,088/.  105.,  and  deducting  five  per  cent,  for  the  cost  of  collection, 
there  is  left  a  net  sum  of  63,734/.  Is.  6d.,  to  which  there  has  to  be 
added  a  sum  of  4,000/.  which  the  Leith  Docks  Commisf-ion  have 
agreed  to  give  in  support  of  the  scheme,  making  in  all  the  sum  of 
nearly  68,000/.  as  the  available  funds  for  carrying  out  this  important 
sanitary  measure.  ^ 

The  Water  of  Leith,  which  is  at  present  contaminated  with  the 
Sewage  matter  to  be  diverted  into  the  main  drainage  pipe,  is  com- 
paratively a  small  stream,  and  whilst  during  the  winter  months 
and  after  rain  there  is  a  current  of  water  'passing  down  its  bed, 
yet  in  summer  and  dry  weather  the  whole  of  the  natural  Avater  of 
the  stream  is  diverted  into  mill-lades  which  traverse  the  whole 
course  of  Edinburgh,  and  there  is  little  or  no  natural  water  in  the 
bed  of  the  river  as  it  passes  Edinburgh.  Into  this  small  stream 
of  water  there  is  discharged  the  sewage  of  70,000  of  the  inhabitants 
of  Edinburgh,  and  upwards  of  30,000  of  the  people  of  Leith,  and  the 
result  has  been  that  the  bed  of  the  Water  of  Leith  has  become  a 
foul  jjolluted  stream,  conveying  ftecal  matter  of  the  most  disgusting 
.and  abominable  character,  and  evolving  foetid  emanations  into  the  sur- 
lounding  atmosphere.  In  many  parts  of  its  course  through  Edin- 
burgh the  bed  of  the  Water  of  Leith  is  rocky  and  uneven,  and  in 
the  pools  thus  formed  much  of  the  solid  matter  conveyed  by  the 
sewage  stagnates,  and,  passing  into  a  state  of  putrescence,  evolves 
abundantly  offensive  gases.  Larger  accumulations  of  fa3cal  matter 
are  arrested  by  the  mill-dams,  and,  indeed,  the  numberless  pools 
in  the  bed  of  the  Water  of  Leith,  and  the  various  dams,  fonn 
numerous  cesspools  open  to  the  air,  which  are  practically  hot-beds 
of  decomposing  filth. 

The  Water  of  Leith,  before  it  reaches  Edinburgh,  is  essentially  a 
mountain  stream,  the  waters  of  which  are  originally  of  a  mossy  or 
peaty  nature,  aud  the  faint  brown  tinge  of  colour  which  it  exhibits 
at  its  sources,  is  much  deepened  as  it  passes  several  paper  mills  and 
other  public  works  which  discharge  liquid  matters  into  the  stream. 
The  run  of  water  is  always  kept  up  from  large  compensating  reser- 
voirs which  retain  much  water  during  the  wet  seasons,  and  discharge 
it  at  'a  regular  rate  during  the  periods  of  drought.  These  compensating 
reservoirs  owe  their  construction  to  the  withdrawal  of  the  spring  water 
which  previously  flowed  into  the  Water  of  Leith  and  which  has  been 
diverted  into  Edinburgh  by  the  Water  Company  for  the  supply  of  the 
city  as  well  as  of  the  towns  of  Leith  and  Portobello.    The  mUI- 
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owners  on  the  Wiiter  of  Leith  compelled  the  water  company  to  pro- 
vide stora-^e-room  sufficient  to  hold  eight  months'  supply  of  the 
■^prino-  wat°er  abstracted,  but  in  reality  the  compensation  reservoirs 
hold°more  than  the  quantity  rendered  imperative  by  the  various 
Acts  In  1849  the  amount  of  spring  water  abstracted  by  the  water 
company  was  from  150  to  200  cubic  feet  per  minute,  and  in  1859 
other  200  cubic  feet  per  minute  were  taken,  making  altogether  about 
400  cubic  feet  per  minute  of  spring  water  abstracted  from  the  Water 
of  Leith  in  its  upper  parts,  and  which,  being  transmitted  through 
pipes  to  Edinburgh  for  service  there,  is  returned  back  again,  in  good 
part,  to  the  Water  of  Leith  by  the  drains  and  sewers. 

The  compensation  reservoirs  constructed  in  lieu  of  the  spring  wateiy 
and  which  send  down  a  regulated  supply  of  water  into  the  bed  of 
the  Water  of  Leitli,  are  of  large  size.  There  are  two  reservoirs  about 
eight  miles  distant  from  Edinburgh,  at  the  base  of  the  Peutland  Hills, 
vi^.,  those  of  Harelaw  and  Thriepmuir,  which  cost  about  36,000/., 
and'a  third  reservoir,  about  13  miles  from  Edinburgh,  also  at  the  base 
of  the  Pentland  Hills  which  is  called  Harperrig  reservoir,  which  cost 
about  25,000Z.  The  latter  reservoir  is  bound  to  store  85,000,000  cubic 
feet  of  water  above  the  level  of  six  feet  from  the  top  of  the  offlet-pipe, 
but  it  actually  stores  90,000,000  cubic  feet  above  that  level.  The 
total  capacity  of  these  compensation  reservoirs  is  sufficient  to  store 
150,000,000  cubic  feet  of  water,  and  in  dry  weather  they  discharge 
into  the  Water  of  Leith,  according  to  the  state  of  the  weather  and 
the  demands  of  the  mills,  from  1,000,000  to  1,500,000  cubic  feet  of 
water  jjer  day,  Avhich  is  at  the  rate  of  700  to  1,050  cubic  feet  per 
minute.  As  only  about  50  cubic  feet  per  minute  are  allowed  to 
escape  from  Saturday  evening  till  Monday  morning,  there  is  a  saving 
of  the  water  to  the  extent  of  about  one  sixth  of  the  available  power. 

The  water  supply  of  Edinburgh  is  necessarily  connected  directly 
with  the  sewage  of  the  city.  In  1681  certain  springs  were  brought  in 
by  the  town  council  from  the  lands  of  Comiston,  and  in  1762  a  4^-iucli 
wooden  pipe  was  employed  for  the  conveyance  of  water  from  certain 
springs  rising  in  the;  estate  of  Swanston  on  the  northern  side  of  the 
Pentlands.  The  supply  of  water  from  these  sources,  however,  was 
very  uncertain  in  quantity,  and  varied  from  12  cubic  feet  to  60  cubic 
feet  per  miuute.  In  1822  a  further  supply  of  water  was  obtained  from 
Glencorse,  and  the  Crawley  spring  on  the  southern  slope  of  the  Pentland 
Hills,  and  the  increase  was  sufficient  to  give  an  average  flow  of  water 
of  about  250  cubic  feet  per  minute.  In  1848,  by  the  abstraction  of  a 
number  of  springs  on  the  northern  slope  of  the  Pentlands,  and  which 
origiually  flowed  into  the  Water  of  Leith,  the  average  supply  of  town 
water  was  increased  to  460  cubic  feet  per  minute  ;  and  in  1859  further 
springs  on  the  north  3rn  side  of  the  Pentland  Hills  were  acquired,  and 
tlie  supply  was  inci  eased  to  upwards  of  700  cubic  feet  per  minute 
During  the  course  oE  the  last  20  years,  therefore,  schemes  have  been 
carried  out  whereby  about  400  cubic  feet  of  spring  water  per  minute 
have  been  abstracted  from  the  streamlets  which  feed  the  water  of 
Leith.  making  al tog f  ther  the  large  amount  of  210,000,000  cubic  feet 
per  annum,  and  in  liini  thereof  compensating  reservoirs  have  been  con 
itructed  which  can  store  150,000,000  cubic  feet,  or  more  than  eio-ht 
months'  supply  of  the  springs.  Besides  the  regular  delivery  from 
these  reservoirs  of  sufficient  water  for  the  motive  power  of  the  mills 
there  is  an  additional  supply  of  clear  spring  water  conveyed  in  sneoini 
pipes  to  the  paper  mills,  glue  works,  and  washing  establishments  to  the 
extent  of  a  constant  run  of  42  cubic  feet  per  minute,  and  this  extrn 
amount  of  water,  when  used  in  the  operations  of  paper  making  &c 


8 


IS  also  discharged  into  tlie  Water  of  Leith.  Considering  the  Rreafc 
expense  connected  with  bringing  in  the  spring  water,  and  tl,e  cos 
of  the  compensation  reservoirs,  &c.,  wliich,  altogether,  entailed  an 
expenditure  on  the  part  of  the  Water  Company  of  500,000/.,  it  is 
ca  culated  that  the  750  cubic  feet  of  wate/  per  minute  at  present 
delivered  each  day  in  Ldmburgh,  Leith,  and  Portobello  has  cost  the 
Water  Company  at  the  rate  of  666/.  for  each  cul>ic  foot  of  sprino- 
water  rendered  available  for  town  use  during  each  minute. 

The  special  investigations  relating  to  the  contamination'of  the  Water 
?r  /  I'oS  sewage  of  Edinburgh  were  commenced  on  the  14th 
March  1864,  and  were  continued  almost  daily  for  five  weeks  and  they 
were  resumed  on  the  20th  May,  and  were  carried  on  for  other  10  days. 
The  principal  sewers  and  drains  Avere  examined  in  all  conditions  of 
weather,  and  at  all  hours  of  the  day  and  night,  and  similar  observa- 
tions Avere  made  on  the  Water  of  Leith,  above  Edinburgh,  during  its 
transit  through  the  city,  and  onwards  till  it  passed  out  of  the  haHjour 
of  Leith  to  seawards. 

The  examination  not  only  included  the  liquids  with  mechanically 
suspended  organic  matters,  as  collected  from  the  sewers  and  the  Water 
of  Leith,  but  likewise  took  cognizance  of  the  sedimentary  matters 
which  lodged  in  the  drains  and  the  bed  of  the  streams  down  to  and 
including  the  harbour  of  Leith  ;  as  also  the  gase»  evolved  from  these 
decomposing  sedimentary  matters  ;  the  gases  dissolved  in  the  various 
liquids ;  and  the  state  of  the  atmosphere  immediately  above  the  districts 
Avhere  the  drains  and  the  Water  of  Leith  were  conveying  sewage.  The 
numerous  chemical  analyses  proved  the  foul  condition  of  the  matters 
carried  by  the  sewers  into  the  Water  of  Leith  ;  and  the  offensive  state 
of  the  stream  itself,  and  indeed  the  senses  of  sight  and  smell  were 
sufficient  to  show  that  the  sewage  had  converted  the  Water  of  Leith 
into  a  gi-eat  public  nuisance,  which  it  was  desirable  to  get  rid  of. 
Many  of  the  inhabitants  of  the  district  immediately  bordering  on  the 
stream  comjilained  bitterly  of  the  offensi\-e  odours  which  rose  from 
the  water,  and  which  gave  rise  to  nausea  and  sickness,  and  compelled 
them  to  keep  their  doors  and  windows  shut.  Moreover,  Professor 
Simpson  shov/ed  from  the  statistics  of  the  mortality  in  the  streets 
bordering  on  the  river,  as  compared  with  those  away  from  its  banks, 
that  there  was  a  greater  death-rate  in  the  immediate  neighbourhood  of 
the  Water  of  Leith  than  at  a  short  distance  therefrom.  Thus,  taking 
a  similar  class  of  houses  in  the  'Edinburgh  district,  and  judging  by 
the  mortality  amongst  children  under  five  years  of  age.  Professor 
Simpson  found  that  in  the  streets  away  from  the  influence  of  the  foul 
water  the  mortality  was  in  the  proportion  of  100,  whilst  in  the  streets 
near  the  Water  of  Leith  the  mortality  was  as  high  as  160.  In  the 
Leith  district  also  the  death-rate  was  greater,  as  in  the  streets  at  some 
distance  from  the  harbour  the  mortality  was  in  the  proportion  of  100, 
with  a  death-rate  among  children  under  five  years  of  age  of  1  in  12  ; 
whilst  in  the  same  class  of  streets  near  the  river  and  harbour  the 
mortality  was  at  the  rate  of  141,  and  the  death-rate  among  children 
one  in  seven.  These  statistics  are  positive  evidence  of  the  effects  of 
the  foul,  filthy,  and  offensive  state  of  the  Water  of  Leith  conveying  the 
sewage  of  Edinburgh  and  Leith,  and  the  results  are  supported  by 
the  concurrent  testimony  of  many  persons  who  reside  in  the  immediate 
neighbourhood  of  the  Water  of  Leith,  and  Avho  speak  as  to  the  nausea 
and  sickness  which  are  brought  on  by  the  inhalation  of  the  gases  and 
vapouis  evolved  from  the  water,  and  to  the  general  ill-health 
connected  therewith. 


9 


II.  The  liquid  Discharges  from  the  Sewers  of  Edi7iburgh  and  Leith.  . 

The  sewa-cdraina-e  area  of  Edinburgh  and  Leith  .vhich  discharges 
into  the  Wafer  of  Leith  is  about  611  acres,  of  which  Edinburgh  con- 
tributes 514  acres  and  Leith  97  acres.  This  area  _  does  not  include 
the  -ardens  and  open  spaces,  but  merely  that  which  is  built  upon  and 
contT-ibutes  to  the  quantity  of  sewage.  The  maximum  discharge  of 
sewage  from  this  area  is  574  cubic  feet  per  minute,  and  whilst  there 
are  no  less  than  180  large  and  small  sewers  which  empty  their  contents 
into  the  Water  of  Leith,— the  majority  of  these  are  small,— and  there 
are  only  six  main  sewers  which  conveys  the  facal  matters  irom 
Edinburgh,  and  two  principal  sewers  which  receive  and  discharge  the 
tewage  of  South  Leith  into  the  river  and  harbour  of  Leith.  The 
average  amount  of  day  discharge  of  sewage  per  acre  of  ground  bu.lt 
upon  ranges  from  i^ths  to  foth^  of  a  cubic  foot  per  minute  but  the 
proportion  varies  much  from  day  to  day  and  from  hour  to  hour. 
The  greatest  daily  discharge  occurs  on  Mondays  and  Tuesdays,  as 
cn  those  days  the  majority  of  family  Avashings  takes  place,  and  on 
these  occasions  the  full  amount  of  574  cubic  feet  per  minute  is 
attained.  On  Wednesdays  and  Thursdays  the  proportion  of  sewage  - 
is  less,  and  on  Fridays  and  Saturdays  it  is  still  further  diminished, 
and  indeed,  on  those  days  it  does  not  average  more  than  four-fifths 
of  the  discharge  of  Monday  and  Tuesday.  The  quantity  of  sewage 
is  greatest  at  11  o'clock  in  the  forenoon,  after  Avhich  it  diminishes 
till  about  five  o'clock  in  the  morning,  it  falls  to  about  one-half,  after 
which  it  increases  gradually  till  11  o'clock  forenoon,  when  the  maxi- 
mum is  again  attained.  The  sewage  water  is  in  the.  most  filthy  state 
in  the  forenoon,  and  during  the  evening  it  is  comparatively  clear  of 
fajcal  matter. 

The  main  sewers  which  convey  the  fascal  matter  from  Edinburgh  into 
the  Water  of  Leith  are  the  Lochrin  Burn,  which  discharges  itself  into 
the  stream  at  Coltbridge,  a  short  distance  west  of  Edinburgh;  the  South 
or  Moray  Place  sewer,  which  flows  into  the  bed  of  the  Water  of  Leith 
at  Stockbridge;  the  North  sewer,  which  also  discharges  at  Stockbridge; 
the  Canonmills  sewer,  which  joins  the  Water  of  Leith  at  Canonmills;  the 
Broughton  Burn,  which  empties  its  contents  into  tlie  stream  above 
Junction  Road  Bridge,  Leith  ;  and  the  Bulls  Stank  sewer,  which  flows 
into  the  harbour  of  Leith,  immediately  below  the  Junction  Road  Bridge 
at  Leith  (see  Plan  of  Edinburgh  and  Leith).  The  two  latter  are  mainly 
Edinburgh  sewers,  but  as  they  traverse  the  outskirts  of  Leith  before 
they  join  the  Water  of  Leith,  a  small  portion  of  the  sewage  of  Leith 
is  conveyed  by  them.  The  principal  sev/ers  which  carry  the  fffical 
matter  from  South  Leith  are  the  St.  Andrew's  Street  drain,  which 
enters  the  harbour  as  the  Coal  Hill  sewer,  and  the  B'ernard  Street 
drain*  which  empties  its  contents  into  the  harbour  by  the  Lower 
Drawbridge  sewer.  In  the  chemical  examination  of  the  contents  of 
these  sewers,  portions  of  the  discharges  were  collected  at  different 
periods  of  the  day  and  night,  and  during  the  six  days  of  the  -week, 
so  as  to  ensure  that  the  condition  of  the  scAvage  at  all  times  should 
be  fairly  represented.  Moreover,  during  the  earlier  observations  in 
the  spring  of  the  year,  viz.,  during  March  and  April,  the  Aveather 
was  often  boisterous  and  wet,  whilst  during  the  summer  observations, 
viz.,  in  May,  the  Aveather  Avas  comparatively  fine  and  dry,  so  that  the 
average  of  the  various  •  samples  collected  at  the  different  periods  Avill 
fairly  represent  the  mean  composition  of  the  sewage  discharges  during 
the  year.  The  influence  Avhich  these  scAvage  matters  can  have  upon 
the  Water  of  Leith  Avill  be  best  considered  by  referring  to  the  main 
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sewers  individually,  and  observing  especially  the  nature  of  their  dis- 
charges at  different  times. 

The  Lodwin  Burn,  which  is  one  of  the  main  sewers  of  Edinburgh, 
has  its  rise  iu  the  house  drains  south  of  the  castle,  and  thereafter 
travels  in  a  westerly  direction,  collecting  the  sewage  of  many  streets 
of  houses  iu  the  west  end  of  the  city,  and  the  drainage  of  the  Edinburgh 
Abattoir  and  of  the  Caledonian  Distillery.  The  total  drainao-e  area 
Avhich  falls  into  this  burn  is  about  860  acres,  but  the  built-on  °area  or 
space  is  only  about  100  acres,  and  taking  the  mean  proportion  of  uine- 
tenths  of  a  cubic  foot  per  minute  for  each  acre  as  the  average  amount 
of  house  sewage,  the  calculated  quantity  of  domestic  drainage-water 
would  be  90  cubic  feet  per  minute,  which  is  really  the  full  amount  of 
the  observed  quantity.  Thus,  by  actual  measurement,  it  was  found 
that  at  about  eleven  o'clock  in  the  morning  the  discharge  from  the 
Lochrin  Burn  was  98  cubic  feet  per  minute,  and  at  a  quarter  past 
nine  in  the  same  evening,  the  discharge  fell  to  51  cubic  feet  per 
minute,  whilst  in  the  succeeding  morning  at  half  past  five  the  quantity 
rose  to  69  cubic  feet  per  minute,  and  at  11  o'clock  iu  the  forenoon  to 
92  cubic  feet  per  minute.  The  average  of  all  the  measurements  gave 
about  60  cubic  feet  per  minute.  During  the  summer  in  dry  weather 
there  is  little  if  anything  but  sewage  in  the  Lochrin  Burn.  There 
is  a  small  drain  which  joins  the  Burn  at  Dairy,  and  which  runs  at 
the  rate  of  about  3  cubic  feet  j^er  minute,  but  this  is  the  only  accession 
which  is  worthy  of  note.  During  its  course  through  the  built-on  area 
the  Lochrin  Burn  is  a  covered  drain  or  sewer,  but  when  it  emerges 
into  the  country  districts  on  the  \vest  side  of  Edinburgh  it  becomes 
an  ojoen  ditch  or  burn,  and  before  it  reaches  the  Water  of  Leith  it 
is  partially  employed  in  the  irrigation  of  a  number  of  fields.  The 
in'igation  processes  are  carried  out  at  intervals  during  the  winter 
months,  and  somewhat  regularly  during  the  summer  months,  and  tend 
to  lessen  not  only  the  actual  quantity  of  liquid  which  flows  in  the  burn, 
but  also  to  decrease  the  proportions  of  dissolved  and  susjiended  matters 
contained  therein. 

The  sewage  conveyed  by  the  Lochrin  Burn  was  collected  at  three 
different  stations,  one  of  which  was  immediately  after  the  burn  received 
the  drainage  of  the  Edinburgh  Abattoir,  a  second  station  was  imme- 
diately above  the  entrance  of  the  liquids  discharged  from  the  Caledonian 
Distillery,  and  the  third  place  of  collection  was  immediately  before  the 
burn  entered  the  Water  of  Leith  at  Coltbridge.  18  samples  of  sewage 
were  collected  at  the  first  station  in  Lochrin  Burn,  and  the  details  of 
the  chemical  analyses  are  given  in  Table  A.  The  average  composition 
of  the  18  samples  showed,  that  the  liquid  contained  in  one  imperial 
gallon  in  a  state  of  solution  12 '36  grains  of  organic  matter  Avith  26 '61 
grains  of  saline  matter,  and  in  suspension  33*06  grains  of  orgajiic 
matter  with  24 '66  grains  of  earthy  matter,  in  all  45*42  grains  of 
organic  matter,  and  51*27  grains  of  saline  and  earthy  matter,  making 
a  total  of  96*69  grains  of  organic  and  saline  and  earthy  matters 
dissolved  and  suspended  in  one  imperial  gallon.  15  samples  of  sewage 
were  collected  at  the  second  station,  which  was  before  the  Lochrin 
Burn  reached  the  Caledonian  Distillery,  and  the  details  of  the  ex- 
amination of  these  are  given  in  Table  B.  The  average  of  those 
samples  "-ave  of  dissolved  and  suspended  organic  matter  44  *  38  grains, 
and  of  saline  and  earthy  matters  34*49  grains,  making  78*87  grains 
in  one  imperial  gallon.  Immediately  after  passing  the  second  station, 
the  Lochrin  Burn  receives  the  discharges  from  the  Caledonian  Dis- 
tillery, and  these  consist  mainly  of  dreg  obtained  from  the  stills. 
The  analyses  of  three  samples  of  dreg  are  given  in  Table  B.,  and 
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the  averao-e  composition  of  two  samples  of  this  substance  in  ■  one 
imperial  gallon  gives  611  grains  of  organic  matter,  and  118  grains 
of  saline  and  cartliy  matters.  The  discharge  of  this  dreg  is  very 
irreo-ular,  but  it  must  tend  to  increase  materially  the  proportion  of 
matters  dissolved  and  suspended  in  the  sewage  matter  of  the  Lochrin 
Burn,  and  as  it  is  of  a  putrescible  nature,  it  adds  to  the  foul  condition, 
of  the  water.  The  third  station  on  the  Lochrin  Burn,  or  that 
immediately  preceding  the  discharge  of  the  burn  into  the  Water  of 
Leith,  is  the  principal  one  in  regard  to  the  contamination  of  the  stream,^ 
as  the  liquids  are  collected  just  before  they  pass  into  the  Water  of 
Lei(h.  At  this  station  20  samples  of  liquid  Avere  collected  on  different 
days,  and  at  different  hours,  and  the  details  of  the  analyses  are  given 
in  Table  C.  The  average  of  the  20  samples  yielded  in  one  imperial 
gallon  in  a  state  of  solution,  31;^  grains  of  organic  matter  and  26^ 
grains  of  saline  matter  ;  and  in  a  state  of  mechanical  suspension,  29^ 
grains  of  organic  matter  and  9  grains  of  earthy  matter  :  making 
60|-  grains  of  organic  and  35^  grains  of  saline  and  earthy  matters, 
and  altogether  96  grains  of  dissolved  and  suspended  matters  in  the 
imperial  gallon.  In  every  instance  the  liquid  from  the  Lochrin  Burn 
was  in  a  foul  and  offensive  condition,  and  evolved  a  fcetid  disgusting 
odour.  This  was  specially  observable  on  those  occasions,  when  there 
was  an  appearance  of  blood  in  the  water  coming  from  the  abattoir ; 
and  during  the  times  that  di-eg  was  issuing  Irom  the  Caledonian 
Distillery  a  sour  nauseous  odour  predominated. 

The  Lochrin  Burn  is  the  first  Edinbui-gh  sewer  which  discharges 
itself  into  the  Water  of  Leith,  and  though  the  direction  of  the  burn  is 
westerly  in  its  flow,  yet,  when  it  discharges  into  the  stream,  it  is  carried 
in  an  easterly  direction  back  through  Edinburgh  and  Leith,  before  it 
passes  to  the  sea  on  the  east  coast.  After  the  reception  of  the  Lochrin 
Burn,  the  Water  of  Leith  receives  the  discharges  of  numerous  small 
sewers  and  drains  as  it  flows  through  the  Water  of  Leith  village,  and 
when  it  reaches  the  district  of  Edinburgh,  known  as  Stockbridge,  two 
large  main  sewers  discharge  their  contents  into  the  stream.  These 
sewers  are  the  South  or  Moray  Place  sewer,  which  collects  the 
house-drainage  of  a  built-on  area  of  aljout  20  acres,  though  the  total 
di-ainage  area  is  about  30  acres.  The  discharge  of  sewage  has  never 
been  gauged  above  18  cubic  feet  per  minute.  The  Noi'lh  sewer  at 
Stockbridge  likemse  receives  a  large  amount  of  house  sewage  from 
a  built-on  area  of  23  acres.  22  samples  of  the  liquid  discharges  from 
these  sewers  were  analysed  (see  Table  D).  The  average  of  10  samples 
from  the  North  sewer  gave  in  solution  and  suspension  in  one  imperial 
gallon  21^  grains  of  organic  matter  and  33  grains  of  saline  and  earthy 
matter,  in  all  541  grains  ;  whilst  the  average  of  12  samples  from  the 
South  or  Moray  Place  sewer  gave  31|  grains  of  organic  matter  and 
35  grains  of  saline  and  earthy  matter,  in  all  66|  grains  of  dissolved 
and  suspended  matters  in  the  imperial  gallon. 

From  Stockbridge  the  Water  of  Leith  flows  down  in  the  direction  of 
Canonmills  and  receives  on  its  way  the  contents  of  numerous  small 
dra  ins,  and  at  Canonmills  a  large  sewer  discharges  itself  into  the 
stream.  This  sewer,  which  is  known  as  the  Canonmills  sewer,  collects 
the  sewage  from  a  drainage  area  of  171  acres,  of  which  116  acres  are 
built  upon.  The  analyses  of  21  samples  of  the  liquid  conveyed  by 
this  sewer  are  given  in  Table  E.,  and  the  average  proportions  in  one 
mipenal  gallon  are  23|  grains  of  organic  matter  and  35  grains  of  saline 
and  earthy  matter  in  solution  and  suspension,  making  in  all  58-^  grains 
After  this  accession  of  sewage  matter,  the  Water  of  Leith  passes  down' 
to  the  outskirts  of  Leith  where  the  Broughton  Burn  sewer  which 
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carries  much  Edinburgh  sewage  accompanied  by  the  drainage  of  an 
outlying  district  of  Leitli,  joins  the  stream,  Tlie  average  of  two 
samples  of  tlie  Broughton  Burn  sewage  (Tal)le  F.)  gives  48  grains  of 
organic  matter  and  42-^  grains  of  saline  and  eai'tby  malter  in  one 
imperial  gallon,  in  all  90f  grains.  Flowing  still  further  seaward,  the 
'stream  passes  into  the  harbour  of  Leith,  and  at  the  upper  end  of 
■which  the  Bulls  Stank  sewer,  which  mainly  flows  from  Edinburgh, 
discharges  its  contents.^  One  analysis  of  the  contents  of  this  sewer  was 
made  at  Lovers  Loan  immediately  after  the  sewer  leaves  Edinbur<^h 
proper,  and  other  four  samples  were  collected  from  the  sewer  as^it 
discharged  into  the  harbour  of  Leith.  The  liquid  of  this  sewer  con- 
tained^ an  average  of  16|  grains  of  organic  matter  and  36|  grains 
of  saline  and  earthy  matter,  in  all  53^  grains  in  the  imperial  gallon 
(Table  F).  Thereafter  the  Coal  Hill  sewer,  which  is  very  foul,  con- 
veying fiT?cal  matter  from  Leith,  discharges  its  contents  into  the 
harbour.  The  mean  analysis  of  three  samples  of  the  discharge  from 
the  Coal  Hill  sewer  (Table  F.),  which  is  also  called  the  St.  Andrew's 
Street  drain,  showed  the  large  propoVtion  of  145  grains  of  dissolved 
and  suspended  organic  matter,  and  182  grains  of  saline  and  earthy 
matter,  making  in  all  327  grains  of  matter  in  one  imperial  gallon. 
And  amongst  others,  another  large  Leith  sewer,  known  as  the  Bernard 
Street  drain,  pours  its  contents  into  the  harbour  at  the  side  of  the 
Lower  Drawbridge,  and  the  liquid  discharged  therefrom  contains  18^ 
grains  of  organic  matter  and  51^  grains  of  saline  and  earthy  matter, 
in  all  69^  grains  in  the  imperial  gallon. 

Whilst  the  Coal  Hill  sewer  and  the  Lower  Drawbridge  sewer  are 
the  principal  sewers  which  convey  the  house  drainage  of  South  Leith 
into  the  harbour,  there  are  many  smaller  drains  Avhich  discharge  their 
contents  into  the  water  not  only  on  the  South-east  side,  but  also  on  the 
North-west  side  of  the  harbour. 

The  general  appearance  of  the  matters  discharged  by  the  Edinburgh 
and  Leith  sewers  into  the  water  of  Leith  was  foul,  fffical,  and  offensive. 
The  night  discharge,  or  that  occuring  between  11  p.m.  and  5  a.m.,  was 
comparatively  free  from  gross  pollution,  but  at  all  times  the  contents 
contained  sufficient  organic  matter  in  solution  and  suspension  to  cause 
putrefaction  when  retained  in  a  vessel  for  a  short  time.  Even  when 
the  liquids  Avere  filtered  through  bibulous  paper,  at  the  moment  of  their 
collection,  the  filtered  liquid,  though  comparatively  clear,  yet  contained 
much  organic  matter  in  solution,  possessed  a  foetid  odour,  gave  a  foul 
taste,  destroyed  the  colour  of  a  large  amount  of  permanganate  of  potash, 
and  when  kept  for  a  short  time  passed  into  a  state  of  putrefaction. 
The  number  of  samples  of  sewage  liquids  collected  from  the  drains  aiid 
sewers  of  Edinburgh  and  Leith,  and  analysed  by  ine  amounted  to  107, 
and  these  were  taken  during  all  states  of  the  weather,  and  at  all  times 
of  the  day  and  night.  In  every  instance  the  water  was  more  or  less 
contaminated  with  flocculent  matter,  principally  of  organic  origin,  and 
on  being  allowed  to  settle,  the  suspended  matter  fell  to  the  bottom  of 
the  vessel. 

III.'  Sedhnentary  Matters  in  the  Seioers  of  Edinburgh  and  Leith. 

The  more  solid  part  of  the  sewage  conveyed  by  the  drains,  tends  to 
deposit  whenever  the  rapidity  of  the  current  is  lessened  and  whilst  in 
the  ordinary  sewers  there  is  no  great  accumulation  o  sedimentary 
matter,  yet  the  Lochrin  Burn,  the  Bulls  Stank  sewer,  and  the  Brough- 
ton Burn  arc  somewhat  sluggish  in  their  movements,  and  hence  at 
many  parts  of  their  course  much  foul  deposit  is  found.    Ihis  was  sne- 
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ciiilly  observable  at  the  parts  of  the  course  of  these  drains  where  they 
run  as  open  ditches.  At  the  Lochrin  Burn  sewer,  west  of  the  abattoir, 
a  laro-e  amount  of  sedimentary  matter  was  found,  and  the  average  of 
seven  samples  (Table  G.)  gave  when  dried  49|  per  cent,  of  organic 
matter,  which  contained  a  considerable  amount  of  nitrogen,  and  when 
lying  in  the  bottom  of  the  sewer  was  in  an  active  state  of  putrescence, 
and  evolving  abundantly  oifensive  and  noxious  gases.  A  similar 
observation  was  made  at  Lochrin  Burn  server  immediately  before  it 
arrived  at  the  Caledonian  Distillery,  Avhere  the  bed  of  the  sewer  was 
more  or  less  covered  by  decomposing  and  putrefying  matters,  and  the 
average  of  three  samples  of  sediment  collected  at  this  ])oint  (Table  G-.^ 
gave  27f  per  cent,  of  organic  matter  containing  niti-ogenous  and 
putrescent  elements.  At  the  Lochrin  Burn  sewer,  immediately  before 
it  discharged  into  the  Water  of  Leith  above  Coltbridge,  much  sediment 
was  also  found,  and  whilst  it  was  likewise  of  an  active  putrescent 
nature,  it  was  mingled  with  more  fine  earthy  matter.  The  average  of 
three  samples  (Table  G.)  gave  17  per  cent,  of  organic  matter  con- 
taining nitrogen.  Sedimentary  matter  was  also  collected  in  quantity 
from  the  Bulls  Stank  sewer  at  Lovers  Loan  immediately  after  leaving 
Edinburgh  (Table  G.),  and  contained  50|  per  cent,  of  organic  matter 
of  a  nitrogenous  nature.  And  similar  organic  sediments  were  found 
in  the  Broughton  Burn  at  the  Bennington  lioad,  and  just  befox'e  the 
burn  enters  the  Water  of  Leith  (Table  G). 

The  solid  matters  which  form  these  sediments  in  the  various  sewers 
where  the  run  of  water  is  slow,  are  in  a  state  of  active  putrescent  fer- 
mentation, and  are  not  only  hurtful  whilst  present  in  the  sewers  by 
giving  off  abundantly  fujtid  exhalations  of  noxious  gases,  but  whenever 
a  shower  of  rain  falls  and  the  amount  of  water  and  the  rapidity  of 
the  flow  increases,  these  sedimentary  matters  are  swept  onwards  and 
ai-e  discliarged  with  the  ordinary  liquid  sewage  into  the  bed  of  the 
Water  of  Leith.  The  results  are  that  when  the  rain  is  limited  in 
quantity,  much  sedimentary'matter  is  thus  thrown  into  the  stream  and 
lodges  in  the  uneven  bed,  though  when  the  weather  is  broken  and  much 
rain  falls,  the  sedimentary  matters  are  swept  onward  by  the  current 
and  discharged  into  the  sea.  The  quantity  of  such  sedimentary  matter 
which  is  lodged  in  the  bed  of  the  Water  of  Leith  throughout  its  course 
will  be  ijresently  referred  to,  and  the  nature  of  the  gaseous  emanations 
from  those  putrefying  sediments  will  also  be  described  in  detail. 


IV.  The  Water  of  Leith. 

The  offensive  state  of  the  water  and  harbour  of  Leith,  due  to  the 
.nT.nlm  f  I  ^^.^?Sf.°f  ^0,000  of  the  inhabitants  of  Edinburgh 
and  30,000  of  the  inhabitants  of  Leith,  has  necessarily  called  forth 
public  attention  on  several  occasions  for  the  purpose  of  adoptino- 
some  means  for  the  arrestment  of  the  ^evil.  Accordingly  in  854 
operations  were  commenced  for  the  purpose  of  aiding  to  some  extent 
in  the  removal  of  the  fulsome  discharges  by  providing  a  more 

mte'r  Tf  Leith  i?  o?"  ^^'S^'^^        natural  bed  of  ti  e 

water  ot  Le  th  is  of  a  very  uneven  and  rocky  nature   and  bpino-  nf 

some  width  the  small  amount  of  water  which  aecom  aniertL  se  vte 

except  in  floods,  is  only  sufficient  to  diffuse  it  over  the  bed  ol  ^S 


nnd  a  quarter  in  length,  from  St.  Bernard's  Bridge  to  St.  Mark's  Place 
with  a  break  of  about  200  yards  at  the  ford  at  Malta  Green.  The 
pools  in  the  stream  were  filled  in  and  the  shallow  and  deep  places 
were  levelled,  whilst  the  channel  was  narrowed  by  making  a  run  in 
the  centre  of  the  bed  of  the  river,  by  filling  in  the  banks  with  stones, 
and  keeping  the  run  clear  by  wooden  planks  being  placed  along  each 
side.  Open  iron  conduits  were  also  laid  at  the  sides  of  the  narrowed 
channel  so  as  to  convey  the  sewage  from  the  drains  into  the  central 
run.  It  was  also  proposed  that  when  the  matters  had  been  conveyed 
down  to  St.  Mark's  Place,  that  the  foul  water  should  be  there 
subjected  to  some  deodorising  process.  The  latter  part  of  the  scheme 
Avas  never  attempted,  but  the  narrowing  of  the  channel  was  carried  out. 

Arrangements  were  also  made  for  the  flushing  of  the  central  run  by 
diverting  water  from  the  mill-lades  for  a  few  hours,  once  a  fortnight, 
and  for  the  liberty  of  using  the  water  in  this  way  the  sum  of  30/.  a 
year  was  arranged  to  be  paid  to  the  mill  owners. 

The  scheme  for  the  levelling  of  the  bed  of  the  stream  and  the  con- 
fining of  the  run  of  water  and  sewage  Avas  no  doubt  effectual  in  arresting 
the  deposition  of  large  quantities  of  decomposing  filth  at  certain  parts  of 
the  stream,  but  it  was  only  a  ]3artial  benefit.  No  improvement  was 
effected  in  the  bed  of  the  river  above  where  the  run  was  restricted, 
and  in  those  upper  parts,  as  behind  Ainslie  and  Moray  Places,  the 
numberless  pools  in  the  rocky  bed  still  admitted  of  the  deposition 
of  large  quantities  of  putrescent  sediment.  Moreover,  the  narrowed 
channel  was  not  free  from  sedimentary  organic  matter,  and  in  most 
places  the  slightest  agitation  of  the  bottom  gave  rise  to  the  evolution 
of  numberless  bubbles  of  gas.  And  again,  whenever  the  water  rose  a 
little,  overflowed  the  narrow  channel,  and  then  subsided,  it  left  on  the 
banks  much  organic  sediment  which  filled  up  the  spaces  between  the 
stones,  and  being  alternately  moistened  and  dried,  and  acted  on  by 
the  sun's  rays,  emitted  much  offensive  effluvia.  Whilst  the  nuisance 
was  not  entirely  abated  in  those  parts  of  the  stream  where  the  channel 
was  narrowed,  the  working  out  of  the  scheme  led  to  the  more  ready 
conveyance  of  large  quantities  of  offensive  material  to  St.  Mark's 
Place,  below  which  there  is  a  mill-dam  or  caul,  and  the  water  being 
there  kept  back,  became  extremely  sluggish  in  its  movements  and 
deposited  much  of  the  suspended  matters.  The  result  was  the 
accumulation  at  this  part  of  a  foul  deposit  of  considerable  depth,  and 
in  a  state  of  active  putrescent  fermentation.  This  place  was  essentially 
an  enormous  cesspool,  near  the  upper  end  of  which  there  were  stepping 
stones  (now  a  bridge),  and  on  numerous  occasions  especially  in  summer 
weather,  when  there  was  occasion  to  use  the  stepping  stones,  the  foul 
fascal  condition  of  the  Water  of  Leith  was  plainly  observable,  and  the 
highly  offensive  exhalations  Avhich  emanated  therefrom  in  the  warmer 
seasons  of  the  year  were  such  as  to  produce  an  intolerable  stench. 

The  improvements  in  the  condition  of  part  of  the  bed  of  the  Water 
of  Leith  Avhich  were  commenced  in  1854  did  not  therefore  provide  for 
the  abstraction  of  sewage  from  the  Water  of  Leith,  or  for  the  arrest- 
ment of  the  discharge  of  impurities  thereinto,  but  it  merely  arranged 
for  a  partial  alleviation  of  the  evil  in  one  district  of  Edinburgh. 
Whilst  much  of  the  stream  above  the  narrowed  part  Avas  left  in  its 
ordinary  foul  state,  there  Avas  much  left  also  below,  and  indeed  from 
Edinburgh  to  Leith  there  was  no  abatement  of  the  nuisance,  and  the 
harbour  of  Leith,  as  previously,  continued  to  receive  the  scAvage  of 
100,000  people.  Matters  were  in  this  position  Avhen  the  corporations 
of  Edinburgh  and  Leith  instructed  me,  in  conjunction  with  Professor 
Penny  of  Glasgow,  to  institute  a  full  series  of  experimental  observa- 
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tions  on  the  nature  of  the  sewage  discharged  into  the  Watei  of  Leith 
and  the  effect  which  that  sewage  had  upon  the  stream  itself  and  the 
harbour  of  Leith.  The  chemical  nature  of  the  sewage  as  discharged 
bv  the  drains  and  sewers  of  Edinburgh  and  Leith  has  been  already 
fully  adverted  to  in  this  paper,  and  the  details  of  the  analyses  made 
bv  me  of  these  sewage  jjiatters  are  given  in  the  tables.  1  have  now 
to  refer  to  the  chemical  composition  of  the  Water  of  Leith  as  con- 
taminated by  the  sewage  ;  and  in  order  that  the  effect  of  such  may  be 
correctly  observed,  I  will  first  refer  to  the  nature  and  condition  ot  the 
Water  of  Leith  before  it  reaches  Edinburgh,  and  thereafter  to  its  state 
when  it  receives  the  various  accessions  of  sewage. 

V.  The  Water  of  Leith  above  Coltbridge. 

The  sources  of  the  Water  of  Leith  are  mainly  derived  from  the 
upland  districts  on  the  Pentland  Hills,  and  the  waters  originally  are  of 
a  peaty  or  mossy  nature.  The  Avater  is  collected  in  large  compensating 
ponds  or  reservoirs  ;  two  of  which  are  situated  about  eight  miles  west 
from  Edinburgh,  and  the  outlet  from  which  is  known  as  the  Bavelaw 
Burn,  and  the  remaining  reservoir  is  about  13  miles  west  from  Edin- 
burgh, and  its  water  flows  into  the  head  stream  of  the  Water  of  Leith 
(see  Map).  The  Bavelaw  Burn  joins  the  Water  of  Leith  above  the 
village  of  Currie,  about  six  miles  west  from  Edinburgh,  and  the  two 
streams  then  flow  on  to  Edinburgh  as  the  Water  of  Leith.  There  is 
a  flax  ropery  work  and  a  paper  mill  on  the  Bavelaw  Burn,  and  six 
paper  mills,  a  washing  establishment,  and  a  glue  work  on  the  Water  of 
Leith  before  it  arrives  at  Coltbridge  and  mingles  with  the  sewage  of 
Edinburgh.  The  ropery  and  the  paper  mills  discharge  considerable 
quantities  of  dark-coloured  alkaline  solutions  from  the  boilers  in  which 
the  flax,  rags,  and  esparto  fibre  have  been  boiled,  and  these  discharges 
tend  to  increase  the  quantity  of  saline  and  organic  matters  dissolved  in 
the  water,  as  may  be  seen  from  Table  H.,  where  the  analyses  are  given 
of  eleven  samples  of  water  from  the  Water  of  Leith  before  it  reaches 
the  neighbourhood  of  Edinburgh,  and  also  the  analyses  of  23  samples 
collected  immediately  above  Coltbridge  and  just  before  the  contami- 
nation of  the  stream  with  the  sewage  conveyed  by  the  Lochrin  Burn 
From  the  latter  analyses  it  will  be  observed  that  the  average  of  these 
23  samples  gives  5  grains  of  organic  matter  and  loj  grains  of  saline 
matter  in  one  imperial  gallon,  in  all  20^  grains.  The  discharges  from 
the  ropery  company  and  the  paper  mills  contain  much  alkali,  soluble 
silica,  and  some  organic  matter  dissolved  therein,  accompanied  by  the 
washings  of  the  boiled  rags,  and  the  water  from  the  washing  and 
beating  engines  and  paper  machines.  These  fluids  tend  to  com- 
municate more  or  less  of  a  yellow  brown  colour  and  slight  alkalinity 
to  the  Water  of  Leith,  but  they  do  not  leave  any  deposit  on  the  stones 
in  the  bed  of  the  stream  or  on  the  banks  thereof.  So  far  as  the 
chemical  observations  were  carried  out,  there  was  no  appearance  of  a 
putrefactive  tendency  in  the  contents  of  the  water  as  it  arrived  at 
Coltbridge  as  a  running  stream,  and  though  the  water  was  not  to  be 
commended  for  dietetic  use  and  ought  not  to  be  employed  for  such 
yet  there  were  no  offensive  gases  escaping  therefrom,  and  therefore 
there  was  no  evidence  of  the  contamination  of  the  neighbouring 
atmosphere  by  exhalations  which  might  be  regarded  as  unwholesome. 
There  are  several  villages  situated  on  or  near  the  banks  of  the  Watei* 
of  Leith  before  it  arrives  at  Coltbridge,  but  these  villages  have  no 
regular  system  of  house  drainage,  and  hence  the  water  is  not  materially 
contaminated  with  sewage  in  its  upper  parts,  and  certainly,  when  it 
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arrives  at  Coltbridge,  it  docs  not  contain  an  appreciable  trace  of  house 
6cwac;e. 

VI.  The  Water  oj  Leithfrom  Colthridgc  to  the  Harbour  of  Leith. 

"Whenever  the  Water  of  Leith  arrives  at  Coltbridge  and  the  Lochriii 
Burn  mingles  its  sewage  therewith,  then  tlie  water  begins  to  assume 
an  offensive  appearance,  acquires  a  foetid  odour  and  taste,  and  whea 
kept  for  a  short  time  becomes  putrescent.  After  receiving  the  sew- 
age, the  pro]iortioas  of  organic  and  saline  matters  increase  in  quantity. 
Samples  of  the  water  at  all  the  principal  points  in  its  course  through 
Edinburgh  and  Leith  and  passing  out  into  the  harbour,  were  collected 
at  different  times  and  subjected  to  analysis  (Tables  I.,  K.,  L.,  M., 
and  N.)  This  part  of  the  stream  divides  itself  into  five  distinct 
portions  : — 

I.  From  Coltbridge  down  to  the  dam  helow  Water  of  Leith  vil- 
lage, where  much  of  the  water  is  at  all  seasons  diverted 
into  the  lade  which  traverses  the  whole  length  of  Edinburgh, 
and  where,  in  ordinary  dry  summer  weather,  the  whole  of  the 
liquid  flows  into  the  lade. 

II.  From  the  dam  below  Water  of  Leith  village,  where  the  lade 
diverges  from  the  main  stream,  down  to  St.  Mark's  Place. 

II.  The  lad'e  which  commences  at  the  Water  of  Leith  village,  and, 
after  traversing  Edinburgh,  is  again  united  with  the  Water  of 
Leith  at  St.  Mark's  Place. 

IV.  The  Water  of  Leith  at  St.  Mark's  Place  after  the  stream  and 
lade  -with  tl^cir  Edinburgh  impurities  have  commingled,  and, 

V.  From  St.  Mark's  Place  down  to  and  including  the  harbour  of 

The  first  part  of  the  district  comprehended  from  Coltbridge  down  to 
the  d'mi  below  the  Water  of  Leith  village  contains  the  natural  flow  of 
the  stream,  accompanied  by  the  sewage  of  Lochrin  Burn  and  numerous 
cmaller  sewers  and  drains.    In  dry  or  summer  weather  the  amount  of 
d  Xh  flows  down  this  part  of  the  stream  is  about  1,600  cubic 
feet  per  minute,  and  there  are  three  mill-dams  or  cauls  which  retard 
the  n  otion  of  the  water  and  allow  of  sedimentary  matter  being  depo- 
sited   These  mill-dams  also  cause  the  whole  of  the  water  m  the  stream 
n-n  drV  or  summer  Aveather  to  be  diverted  into  the  lades,  and  necessarily 
nt  hese  pS    there  is  no  fall  of  water  in  the  bed  of  the  stream  during 
sLh  period  .    The  liquid  of  the  stream  or  lade,  however,  still  retains 
i^nr^^Tn ic  matter  in  solution  and  suspension.    Eleven  samples  of 
Wd  wSr  coUe  ted  from  this   district  and  subjected  to  ana  ysis 
Taile  if  and  the  average  of  these  samples  gave  m  one  impenal  gallon 
9^  g  ain   of  organic  mlitter  and  16^  grains  of  sahne  matter,  in  all 


26  grains.  ^  the  Water  of  Leith 

The  second  district  'ff Vl^^^^    and  it  is  peculiar  in  this 

respect,  that  wliilst  aui  111^  ^     ./  ^^^^^  portion  passing 

ofwater  over  the  dan^  th^^^^  ;  decided  flow  of  water 

'f.il  the  dam     Tfie  conip  bed  of  the  Water  of 

IS  s<^en  below  the  dam.    i  i      ^^^^^^j^^^^  of  water,  partly  by 

Leith,  however,  veiy  soon    ece  ^^^^^ 
leakage  from  the  ^^^J^/  f  ^"j^?,  fle.^!,  and  in  other  part  from  numerous 
side  of  the  stream      !V  ^  °^ fi.'ewa-e.    Six  samples  of  liquid  were 
small  drains  conveying  ^^^"'^.f,;  .i^g  pean  Bridge,  six  samples 

examined  from  the  Water  of  L-^  ,,^ell. 
from  the  stream  behind  Moiaj  iiatc 
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and  six  samples  from  the  Water  of  Lelth  above  Stockbridgc  (Table  K.), 
and  the  mean  of  the  analyses  of  these  samples  gave  about  10  grains 
of  organic  matter  and  16|  grains  of  saline  matter  in  the  imperial 
gallon,  in  all  26^  grains.  At  Stockbridge,  however,  the  water  receives 
the  contents  of  two  large  sewers  (the  South  or  Moray  Place  sewer 
and  the  North  sewer),  and  nine  samples  collected  about  30  yards 
below  the  point  of  discharge  of  these  sewers  at  Stockbridge  (Table  K.) 
gave  an  average,  in  one  imperial  gallon,  of  9  grains  of  organic  matter 
and  loi  grains  of  saline  matter  in  solution,  and  14^  grains  of  organic 
matter  and  2^  grains  of  earthy  matter  in  suspension,  in  all  23^  grains 
of  organic  matter  and  18  grains  of  saline  and  earthy  matter  dissolved 
and  suspended  in  the  Walter  of  Leith  at  this  point.  Another  station 
behind  Warriston  Crescent  and  below  the  entrance  of  the  Canon- 
mills  sewer  gave  similar  evidence  of  the  contamination  of  the  water 
(Table  K.) 

The  Edinburgh  lade  district  commences  at  the  dam  below  the  Water 
of  Leith  village  ;  it  is  one  of  six  lades  which  receive  the  Water  of 
Leith  between  Coltbridge  and  the  sea,  and  each  of  which  has  its 
appropriate  mill-dam.  These  lades  take  in  all  the  river-water  as  well 
as  the  Lochrin  Burn  during  the  ordinary  dry  weather  in  summer,  and 
the  amount  of  water  in  the  lades  is  about  1,600  cubic  feet  per  minute. 
The  principal  lade  is  the  one  which  traverses  Edinburgh  and  which 
begins  at  the  Water  of  Leith  village.  Generally  it  runs  as  an 
open  ditch,  occasionally  washing  the  sides  of  the  houses,  passing 
through  below  houses  and  under  the  streets,  and  ultimately  arrives 
once  again  at  the  Water  of  Leith  at  St.  Mark's  Place.  The  lade 
and  its  contents  were  specially  examined  behind  Aiuslie  and  Moray 
Places,  and  behind  India  Place,  where  the  wall  of  the  houses  is 
actually  the  side  of  the  lade,  and  where  spouts  standing  out  from 
the  houses  discharge  the  contents  of  household  sinks  and  closets 
directly  into  the  lade.  At  Clarence  Street,  where  the  lade  passes 
below  the  houses  ;  at  Eyre  Place,  where  it  flows  in  front  of  the 
houses,  as  well  as  at  Beaver  Hall,  and  immediately  before  the 
junction  of  the  lade  with  the  stream,  and  indeed  at  all  parts  of  the 
course  of  the  lade,  the  liquid  was  foul  and  fascal,  and  the  average  of 
eight  samples  collected  at  two  different  stations  (Table  L.)  gave  10| 
grains  of  organic  matter  and  18^  grains  of  saline  and  earthy  matters, 
in  all  29  grains,  dissolved  and  suspended  in  one  imperial  gallon. 

The  district  of  St.  Mark's  Place  is  interesting  as  the  spot,  where 
the  Water  of  Leith  conveyed  in  the  lade  once  again  joins  the 
stream,  and  at  this  point  the  effect  of  the  greater  part  of  the  Edin- 
burgh sewage  upon  the  natural  water  of  the  river  is  best  observed. 
The  pool  of  water  at  St.  Mark's  Place  is  of  considerable  length 
and  depth,  and  the  flow  of  the  water  is  retarded  by  a  mill-dam 
at  a  little  distance  below.  The  liquid  presents  a  most  offensive 
appearance,  and  contains  much  organic  matter  in  mechanical  sus- 
pension as  well  as  in  solution.  Much  putrifying  organic  matter 
lies  at  the  bottom  of  the  pool,  and  indeed  the  district  is  an  enor- 
mous cesspool.  The  decomposing  sediment  is  constantly  evolving 
numberless  bubbles  of  noxious  gases,  the  disengagement  of  which 
causes  a  constant  commotion  in  this  comparatively  stagnant  pool  and 
tends  to  keep  much  matter  in  a  state  of  mechanical  suspension  in  the 
water.  The  fulsome  condition  of  the  Water  of  Leith  at  this  district 
especially  m  a  warm  summer  day,  is  highly  disgusting  and  abominable. 
18  samples  of  the  liquid  were  collected  from  the  Water  of  Leith  at 
St.  Marie's  Place  (Table  M.),  and  the  average  of  these  samples  gave  t 
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ono  imponal  gallon  8  grains  of  organic  matier  and  lU  grains  of 
sahne  matter  m  solution,  and  18^  grains  of  organic  matter  and  loi- 
grams  of  earthy  matter  in  suspension  :  in  all  26^  grains  of  organic 
matter  and  30  grains  of  saline  and  earthy  matter  in  solution  and 
suspension.  The  foul  appearance  of  the  liquid  at  St.  Mark's  Place 
was  increased  during  the  warmer  months  by  floating  patclies  of 
organic  matter  bouyed  up  by  the  gases  evolved  during  the  putrefaction 
of  the  mass,  and  Avhich  not  only  served  to  keep  such  matter  floating, 
but  also  were  successful  in  raising  from  the  bed  of  the  pool  a  constant 
succession  of  new  aggregations  of  decomposing  matters. 

The  fifth  district  extends  from  St.  Mark's  Place  down  to  the  harbour 
of  Leith,  and  13  samples  of  water  were  collected  at  10  different 
places  (Table  N.).  One  sample  was  from  the  dam  above  Bonnington, 
which  is  the  loAver  end  of  the  pool  which  extends  up  to  St.  Mark's 
Place  ;  one  sample  was  taken  from  the  Water  of  Leith  at  the  boundary 
of  Edinburgh  and  Leith  at  Bonnington  Bridge  ;  another  sample  from 
the  dam  above  Junction  Road  Bridge  ;  one  sample  from  the  Water  of 
Leith  above  the  saw  mills  at  Leith;  two  samples  from  the  harbour 
of  Leith  below  the  Junction  Road  Bridge  ;  three  samples  from  the 
harbour  above  the  Coal  Hill  ;  one  sample  from  the  harbour  in  front  of 
the  Coal  Hill  sewer  ;  one  sample  from  the  harbour  at  the  upper  draw- 
bridge ;  one  sample  from  below  the  upper  drawbridge ;  and  one  sample 
from  the  harbour  off  the  Victoria  Dock-head.  Several  of  these  samples 
v^ere  very  foul  from  the  large  amount  of  suspended  organic  matter, 
and  in  all  cases  there  was  sufficient  putrescible  matter  present  to  cause 
the  liquid  to  exhibit  a  foetid,  nauseous  odour,  and  a  turbid  and  nasty 
appearance. 

The  special  conclusions  which  are  to  be  drawn  from  the  observations 
on  the  water  of  the  Water  of  Leith  from  Coltbridge  down  to  the  sea, 
and  the  relative  analyses,  are  that  whilst  the  water  is  comparatively 
free  from  impurity  before  being  contaminated  by  the  sewage,  and  is 
not  liable  to  become  putrescent,  yet,  the  moment  the  sewage  enters 
the  stream  the  water  is  rendered  foul,  and  as  the  drains  increase  in 
number  and  discharge  their  fjEcal  contents  into  the  stream,  the  nuisance 
increases.  At  no  time  after  the  Lochrin  Burn  enters  is  the  water  free 
from  the  power  of  passing  into  a  state  of  putrescence.  Even  when 
filtered  on  the  spot  at  many  different  stations,  the  liquid  which  was 
obtained,  though  somewhat  clear  and  transparent,  yet  contained  more 
or  less  organic  matter,  had  a  foul  taste  and  a  foetid  odour,  destroyed 
the  colour  of  much  permanganate  of  potash,  and  when  allowed  to 
stand  for  some  days  passed  into  putrefactive  fermentation  and  evolved 
stinking  gases. 

VIL  The  Sedimentary  Matters  in  the  Bed  of  the  Water  of  Leith. 

The  solid  matters  which  the  sewers  of  Edinburgh  and  Leith  carry 
in  mechanical  suspension  into  the  Water  of  Leith  are  deposited  in 
large  quantities  in  ordinary  seasons  in  the  pools  or  cavities  in  the 
rocky  bed  of  the  stream,  and  also  at  the  bottom  of  the  still  water 
which  is  found  above  all  the  six  mill  dams  or  cauls. 

Immediately  below  the  entrance  of  the  Lochrin  Burn  into  the 
Water  of  Leith  at  Coltbridge  a  bank  of  deposit  of  decomposing  solid 
sewage  matter,  several  feet  in  depth,  lies  putrefying  and  exhaling  foul 
gases,  and  from  this  point  to  the  mill-dam  at  a  short  distance  below, 
the  fermenting  sediment  is  more  or  less  deep,  and  indeed  from  this 
station  down  to  the  harbour  of  Leith,  the  bed  of  the  Water  of  Leith, 
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includincr  tlic  part  where  the  channel  is  narrowed,  and  also  the  bottom 
of  the  lade,  are  covered  more  or  less  thickly  with  putrefying  sediment 
(Table  0.).    This  was  specially  observable-— 

1.  At  the  dam  below  Water  of  Leith  village,  where  the  foul  deposit 

consisted  on  the  average  of  four  samples,  of  48  per  cent.  _  of 
organic  matter,  containing  nitrogen,  and  was  in  a  state  of  active 
putrescence  (Table  0).  frr         e  t  -n 

2.  In  the  numerous  pools  in  the  rocky  bed  of  the  Water  oi  l^eitla 

behind  Moray  and  Ainslie  Places,  where  the  putrefying  stutf  is 
often  two  feet  in  depth,  and  contains  on  the  mean  of  two  samples 
45  per  cent,  of  organic  matter  with  nitrogen  (Table  O.) 

3.  In  the  bed  of  the  Water  of  Leith,  below  the  North  and  South 

sewers  at  Stockbridge,  where  the  average  of  eight  samples 
washed  up  upon  the  banks  gave  43^  per  cent,  of  organic 
matter ;  a  sample  taken  from  the  sides  of  the  narrowed  channel 
gave  34^  per  cent,  of  organic  matter  ;  a  sample  collected  from 
the  bottom  of  the  narrowed  run,  80  yards  below  Stock- 
brido-e,  gave  25  per  cent,  of  organic  matter  ;  and  still  further 
down,  at  Malta  Terrace,  the  sediment  in  the  bottom  of  the 
run  gave  32^  per  cent,  of  organic  matter  (Table  0.).  In  all  of 
these  instances  the  organic  matter  was,  as  usual,  of  an  offensive 
and  putrescent  nature,  and  contained  a  decided  proportion  of 
nitrogen. 

4.  In  the  bed  of  the  Water  of  Leith,  in  front  of  the  Canonmills 

sewer,  which  contained  organic  matter  to  the  extent  of  3 If 
per  cent.  (Tuble  O.). 

o.  In  the  narrowed  channel  behind  Warriston  Crescent,  and  in  the 
bed  of  the  Water  of  Leith  at  St.  Mark's  Place,  after  the  junc- 
tion of  the  Edinburgh  lade,  when  the  average  of  nine  samples 
gave  36  per  cent  of  organic  matter  containing  nitrogen.  From 
this  point  down  to  the  dam  above  Bennington  there  is  a  stretch 
of  water  of  nearly  half  a  mile  nearly  stagnant  and  overlying  afoul 
deposit  of  from  one  to  three,  and  even  at  its  lower  parts  to  four 
feet  in  depth.  Indeed,  this  stretch  of  water  is  an  enormous  cess- 
pool open  to  the  aii",  and  the  sedimentary  matter  is  in  a  state 
of  active  putrefaction.  At  the  dam  above  Bonnington  the 
sediment  contained  49J  per  cent,  of  organic  matter,  accom- 
panied by  1  '4  of  nitrogen  (Table  O.)  ;  and, 

C.  In  the  bed  of  the  Water  of  Leith  at  the  boundary  of  Edinburgh 
and  Leith  at  Bonnington  Bridge,  where  one  sample  gave  27  per 
cent,  of  organic  matter  ;  below  the  junction  of  the  Broushton 
Burn  where  the  dried  sediment  contained  13f  per  cent,  of 
organic  matter,  and  at  the  dam  above  Junction  Road  Bridge, 
where  the  deposit  is  from  one  to  two  feet  in  thickness,  and  con- 
tained 27|  per  cent,  of  organic  matter,  accompanied  by  0'7  of 
nitrogen. 

The  lades  also,  which  now  and  again  convey  the  whole  or  the  major 
part  of  the  Water  of  Leith,  are  not  exempt  from  these  organic  sedi- 
mentary deposits.  The  lade  which  commences  at  the  Water  of  Leith 
village,  and  traversing  Edinburgh,  is  again  discharged  into  the 
stream  at  St.  Mark's  Place,  has  an  average  deposit  of  6  to  8  inches  of 
organic  matter  at  many  places,  and  seven  samples  taken  from  the  lade 
behind  Ainslie  Place,  Moray  Place,  and  India  Place,  and  above  Canon- 
mills,  gave  the  mean  proportion  of  25|  per  cent,  of  organic  matter  with 
0-69  of  nitrogen  (Table  O.). 

.  In  the  harbour  of  Leith  the  putrefying  deposit  is  diff-used  throucrh  a 
depth  ot  one  to  two  feet,  and  is  necessarily  mingled  with  fine  sand 
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brouglit  m.  by  each  tide.  Samples  of  the  deposit  were  collected  at 
all  the  principal  points  on  both  sides  of  the  harbour,  and  tliey  woie 
taken  at  a  little  distance  from  the  hanks  ' so  as  fairly  lo  represent  the 
condition  of  the  mud  or  deposit  in  the  harbour.  When  the  tide  was 
out,  It  ^yas  observed  that  the  whole  bed  of  the  harbour  was  composed 
of  a  black-coloured  slimy  foul  deposit.  ]  2  samples  of  the  sedimentary 
matter  lying  towards  the  south-east  side  of  the  harbour  gave  an 
average  of  28i  per  cent,  of  organic  matter  containing  nitrogen,  and 
6  samples  collected  towards  the  north-west  side  of  the  harbour  gave 
an  average  of  20  per  cent,  of  organic  matter  with  fully  0-60  of 
nitrogen  (Table  P). 

These  sedimentary  deposits  found  in  the  river  of  Leith,  from  Colt- 
bridgo  downwards  to  the  harbour  of  Leith,  and  in  all  the  mill  lades 
connected  therewith,  are  undoubtedly  due  to  the  discharge  of  the 
sewage  of  Edinburgh  and  Leith  into  the  Water  of  Leith  and'^the  lades, 
and  are  not  only  foul  and  unsightly  in  themselves,  but  are  far  more 
noxious  as  hotbeds  for  the  disengagement  of  unwholesome  gases.  The 
rapidity  with  Avhich  the  gas  escapes  from  these  organic  muds  is  such 
that  at  the  dam-heads  and  in  the  harbour,  the  water  floating  above- 
the  putrefying  stuff  is  perforated  every  moment  with  bubbles  of  gas, 
and  so  abundant  are  these  that  in  many  places  the  water  presents  the- 
appearance  of  being  a  state  of  ebullition. 

VIII.  The  Gases  evolved  from  the  Muds  or  Sedimentary  Matters. 

The  gaseous  emanations  from  the  putrefying  deposits  in  the  bed  of 
the  Water  of  Leith,  the  lades,  and  the  harbour,  have  received  special 
attention  in  their  examination.  These  gases  are  evolved  more  or  less 
rapidly  according  to  the  depth  of  the  organic  mud,  and  the  temperature 
of  the  season,  and  hence,  in  summer  weather,  the  putrefactive  processes 
proceeding  more  quickly,  give  rise  to  the  disengagement  of  much  gas 
even  when  the  sediments  are  kept  at  rest,  and  lead  to  the  evolution  of 
largo  quantities  whenever  the  deposit  is  agitated  by  a  rod.  In  the  bed 
of  the  Water  of  Leith,  especially  at  Coltbridge,  behind  Ainslie  and 
Moray  Places,  at  St.  Mark's  Place  down  to  the  dam  above  Bennington, 
at  Bounington  Bridge,  at  the  dam  above  Junction  Road  Bridge,  and 
in  the  harbour  of  Leith,  the  disengagement  of  bubbles  of  gas  is 
incessant  and  resembles  a  shower  of  rain  falling.  In  the  jjart  of  the 
Water  of  Leith  where  the  channel  is  narrowed,  as  also  in  the  lades, 
the  evolution  of  gas  is  not  so  readily  observed  owing  to  the  rapidity 
of  the  run  of  the  water,  but  the  slightest  agitation  of  the  bottom  of 
the  confined  channels  of  the  stream  or  of  the  lades  at  once  causes  the 
rapid  disengagement  of  gases,  so  that  there  is  no  difficulty  at  any 
part  of  the  Water  of  Leith  from  Coltbridge  downwards  in  obtaining 
a  good  supply  of  gas  for  the  purpose  of  examination  as  to  its  chemical 
composition. 

In  the  collection  of  the  gases,  a  bottle  was  filled  with  the  water 
■which  was  flowing  over  the  deposit,  and  being  inverted  under  the 
water  with  a  funnel  attached  to  the  mouth,  the  sediment  was  agitated, 
when  the  bubbles  of  gas  rose  and  entering  the  bottle  displaced  the 
■water.  A  glass  stopper  luted  with  lard  was  inserted  into  the  mouth 
of  the  bottle  whilst  under  the  water,  and  within  three  hours  of  the 
collection  of  the  gases,  the  per-centage  composition  was  determined  by 
analysis.  The  results  of  the  chemical  investigation  showed,  that  the 
gaseous  emanations  mainly  consisted  of  gases  which  were  combustible 
Avith  a  blue-white  flame  accompanied  by  smaller  proportions  of  car- 
bonic acid  and  oxygen.    The  proportion  of  the  latter  gas  was  small. 


21 


nnd  there  is  little  doubt  that  some  at  least  of  this  oxygen  may  be 
i-et^arded  as  derived  from  "the  gases  dissolved  in  the  water  used  in  the 
coHectiou  and  examination  of  the  samples  of  air  under  analysis.  The 
carbonic  acid  Avas  determined  by  absorption  with  potash,  and  the  oxygen 
was  ascertained  by  the  use  of  pyrogallic  acid  and  potash,  whilst  the 
remainiu"  gases  were  merely  brought  into  contact  with  a  lighted  taper 
•and  observed  to  burn  with  a  blue-white  flame.  The  combustible  gases 
which  are  well  known  to  be  evolved  from  decomposing  plant  and 
•jmimal  substances  during  putrefactive  decay  are  naarsh  gas  or  light 
carburetted  hydrogen,  hydrogen,  and  carbonic  oxide,  and  from  the 
foetid  odour  of  the  residual  gas  in  all  of  the  experiments,  I  have  no 
doubt  that  these  Avere  accompanied,  in  the  gases  collected  by  me  from 
those  deposits  of  mud,  by  smaller  proportions  of  other  gaseous  sub- 
stances of  a  foul  and  noxious  nature.  In  the  majority  of  instances  no 
iraces  of  sulphuretted  hydrogen  were  obtained  when  lead  paper  was 
introduced  or  when  the  odour  of  the  gas  was  tried,  but  in  the  gases 
evolved  from  the  sediment  in  the  Water  of  Leith  behind  Warristoii 
Crescent  in  Edinburgh,  and  that  between  the  upper  and  lower  draw- 
bridges in  the  harbour  of  Leith,  as  also  in  those  evolved  from  the  mud 
off  the  jetty  head  at  the  entrance  to  the  Victoria  Dock,  decided  traces 
-of  suliDhuretted  hydrogen  were  obtained. 

Fourteen  samples  of  gas  collected  from  sedimentary  matters  were 
examined.  One  sample  of  gas  was  taken  from  the  mud  or  deposit 
in  the  Lochrin  Burn  sewer  ;  two  samples  from  the  sediment  in  the  bed 
of  the  Water  of  Leith  at  Coltbridge  ;  two  samples  from  the  bed  of 
the  Water  of  Leith  behind  Moray  Place  ;  two  samples  from  the 
sediment  in  the  lade  behind  India  Place  ;  one  sample  from  the  bed  of 
the  Water  of  Leith  below  Stockbridge  ;  one  sample  behind  Warriston 
Crescent  ;  two  samples  from  St.  Mark's  Place  ;  one  sample  from  the 
dam  at  Junction  Road  Bridge  ;  one  sample  from  between  the  upper 
and  lower  drawbridges,  and  one  sample  from  off  the  jetty  head  at  the 
entrance  to  Victoria  Dock  (Table  Q.).  The  proportion  of  carbonic 
acid  in  the  gases  ranged  from  1  •  56  to  25  •  60  per  cent.  ;  of  oxygen  from 
'0*32  to  2'17  per  cent. ;  and  of  other  gases  which  were  combustible 
with  a  blueish-white  flame  from  72  •  60  to  97  per  cent. 

The  experimental  results  on  the  composition  of  the  gases  evolved 
from  sedimentary  matters  in  foul  burns  and  waters  teach  the  important 
doctrine,  that  the  escape  of  sulphuretted  hydrogen  may  scarcely,  if  at 
at  all,  be  recognized,  and  yet  large  quantities  of  combustible  gases, 
undoubtedly  of  organic  origin,  may  be  disengaged  into  the  surrounding 
atmosphere,  and  consequently  that  the  contamination  of  the  aii-  may 
occur  without  sulphuretted  hydrogen  being  observed. 

During  the  progress  of  these  experiments  attention  was  directed 
to  a  green  substance  consisting  mainly  of  Evglena  viridis,  one  of  the 
Phytozoa,  which  was  observed  on  the  surface  of  the  stagnating  mud  at 
the  side  of  the  Lochrin  Bui-n,  and  in  shallow  parts  of  the  Water  of 
Leith  as  at  St.  Mark's  Place,  and  which  was  said  to  neutralise  in  great 
part  the  deleterious  effects  of  the  gaseous  exhalations,  and  even  to  lead 
to  the  disengagement  of  oxygen  gas  in  large  volumes.  A  considerable 
quantity  of  the  green  slime-  was  separated  as  well  as  practicable 
from  the  underlying  filthy  sediment,  and  having  been  placed  in  a 
bottle  till  it  was  filled,  the  bottle  was  then  inverted  in  a  basin, 
and  immediately  gases  began  to  be  evolved.  On  testing  these  gases 
in  about  three  hours,  there  were  found  carbonic  acid  13-40  per 
cent.,  oxygen  1  •  60  per  cent.,  and  other  gases,  which  were  com- 
bustible with  a  blueish-white  flame,  85  per  cent.  (Table  Q.)  It  was 
proved,  therefore,  that  this  green  slime  does  not  practically  lead 
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to  the  disengagemeut  of  oxygen,  and  indeed  the  gases  which  are 
evolved  therefrom  are  essentially  identical  Avith  those  obtained  from 
any  Joul  deposit  m  a  sewer  or  in  water  conveying  sewage. 

Moreover,  the  green  slime,  when  collected  from  the  surface  of  the 
sedimentary  matter,  and  placed  in  a  bottle  wbich  it  filled  about  one 
third  and  the  remaining  two  thirds  being  left  as  common  air,  it  was 
found  that  in  40  hours  the  composition  of  the  atmosphere  had  so 
materially  changed  that  a  lighted  taper  was  immediately  extinguished 
on  being  introduced.  A  chemical  analysis  proved  that  the  atmosphere 
left  in  the  bottle  contained  11 -56  per  cent,  of  carbonic  acid,  only 
2-01  per  cent,  of  oxygen,  and  86-43  per  cent,  of  other  gases,  which 
m  their  mixed  state  were  not  combustible  and  did  not  support  com- 
bustion (Table  Q.).  These  two  experiments,  therefore,  demonstrated 
that  practically  the  evolution  of  oxygen  gas  from  the  green  slime 
■covering  a  mass  of  putrescent  filth  was  at  a  minimum  and  was  highly 
problematical,  whilst  the  disengagement  from  the  mass,  of  carbonic  acid 
and  of  combustible  gases  was  undoubtedly  certain.  The  green  slime  on 
being  examined  microscopically  was  found  to  consist  mainly  of  minute 
organisms  belonging  to  the  Phytozoa,  and  which  are  alternately 
regarded  as  animals  and  plants.  At  present,  the  Euglena  viridis,  which 
forms  a  part  at  least  of  the  green  matter  of  these  deposits,  is  considered 
to  be  a  plant  by  some  naturalists,  and  an  animal  by  other  authorities. 

IX.  The  Gases  dissolved  vi  the  Waters  of  the  Sewers  and  of  the 

Water  of  Leith,  ^c. 

In  all  good  natural  waters  there  is  present  in  solution  a  greater  or 
less  proportion  of  gaseous  matter  which  the  water  has  in  great  part 
dissolved  out  of  the  atmosphere.  The  gases  present  in  healthy  waters 
are  carbonic  acid,  oxygen,  and  nitrogen ;  the  two  latter  being  in  largest 
quantity,  and  the  relative  proportions  of  these  two  gases  are,  that 
for  one  volume  of  oxygen  there  are  two  volumes  of  nitrogen.  These 
are  not  the  proportions  in  which  oxygen  and  nitrogen  are  present 
in  the  atmosphere,  where  there  are  for  one  volume  of  oxygen  four 
volumes  of  nitrogen  ;  but  the  greater  solubility  of  oxygen  than  of 
nitrogen  in  water  admits  of  a  larger  proportion  of  oxygen  dissolving 
in  the  water,  relatively,  to  the  amounts  of  these  gases  in  the  atmo- 
sj)here. 

Two  important  oiEces  are  fulfilled  by  the  oxygen  which  is  dissolved 
in  natural  water.  In  the  first  instance,  it  supplies  the  air  which  fish 
require  for  their  respiration,  and  without  a  due  supply  of  which  the 
fish  become  asphixiated  and  die  ;  and,  in  the  second  instance,  it 
oxidises  any  organic  matters  which  pass  into  the  water,  and  thus 
tends  to  purify  the  stream.  It  may  be  at  once  stated,  however,  that 
there  is  a  certain  limit  to  the  power  which  oxygen  possesses  to 
consume  organic  matters,  as  in  the  act  of  doing  so  the  oxygen 
enters  into  union  with  the  elements  of  the  decaying  organic  matter, 
and  therefore  ceases  to  be  free  oxygen,  and  cannot  be  recognised  as 
such  in  the  water.  Moreover,  whenever  the  oxygen  has  been  used 
up  in  the  decomposition  of  the  organic  matter,  and  there  is  still 
some  refuse  plant  or  animal  substance  left  in  the  water,  then  putre- 
faction must  follow  and  consequently  foul  gases  be  evolved. 

The  manner  in  which  the  oxygen  dissolved  in  water  acts  upon 
foul  matters  contained  therein  may  be  observed  from  this,  that 
organic  substances  principally  consist  of  carbon,  hydi-ogen,  and 
oxygen,  accompanied  by  a  smaller  proportion  of  nitrogen  and 
minute  quantities  of  sulphur  and  phosphorus  ;  and  where  there  is 
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oxygen  dissolved  in  tlie  water  sufficient  to  act  upon  these  it 
oxidises  the  carbon  into  carbonic  acid,  the  hydrogen  into  water, 
the  nitrogen  into  nitric  acid,  the  sulphur  into  sulphuric  acid,  and 
the  phosphorus  into  phosphoric  acid.  Whenever  the  proportion 
of  oxveen  becomes  exhausted,  then  the  organic  substance  still 
lyino-  beneath  as  sedimentary  matter,  or  still  floating  along  with  the 
^^ater  cannot  be  oxidised,  and  must  seek  the  elements  of  change 
within  itself,  and  give  rise  to  the  disengagement  of  those  combustible 
and  foul  gases  which  are  characteristic  of  the  putrefaction  ot  retuse 
animal  and  vegetable  substances. 

In  the  examination  of  the  gases  dissolved  in  the  waters  ot  tne 
sewers  of  Edinburgh,  and  of  the  Water  of  Leith,  &c.,  I  analysed  the 
gases  from  25  samples  of  water,  and  the  details  of  the  analyses 
are  given  in  Table  R.     The  spring-water,  which  is  conveyed  to 
Edinburgh  in  pipes  for  the  service  of  the  city,  gives,  as  the  results 
of  these  separate  analyses,  from  9-33  to  10 -01  cubic  inches  of  gas 
dissolved  in  one  imperial  gaUon,  and  the  per-centage  composition  oi 
these  gases  is,  carbonic  acid  8-70  to  10'71,  oxygen  28-77  to  29*47, 
and  other  gases  (nitrogen)  59-82  to  61-90.     The  proportions  of 
oxygen  and  nitrogen  therefore  are  nearly  1  to  2,  and  the  average 
amount  of  oxygen  is  fully  29  per  cent.    The  two  main  feeders  of  the 
Water  of  Leith  are  the  Harelaw  reservoir,  which  flows  into  the  Bavelaw 
Burn,  and  the  Water  of  Leith,  and,  as  the  oxygen  is  the  principal  gaseous 
ingredient,  and  the  details  are  given  in  Table  R.,  I  will  simply 
mention  here,  that  the  per-centage  of  oxygen  in  the  gases  dissolved 
in  the  water  of  the  Harelaw  reservoir  is  29-23,  whilst  in  the  other 
feeder,  viz.,  the  upper  part  of  the  Water  of  Leith,  the  per-centage  of 
oxygen  is  28  -  87.    A  sample  of  water  collected  at  Currie  Bridge,  after 
the  discharges  from  various  works  had  passed  into  the  stream,  gave 
22-06  per  cent,  of  oxygen,  and  anqther  sample  of  water  collected  still 
further  down,  at  Gorgie  Bridge,  on  a  different  day,  gave  25-20  per  cent, 
of  oxygen,  whilst  two  samples  taken  at  different  times  from  the  Water 
of  Leith  at  Coltbridge,  just  before  mingling  with  the  sewage  of  Edin- 
burgh, gave  respectively  22-22  and  22  "20  per  cent,  of  oxygen.    It  is 
thus  evident  that  all  the  discharges  thrown  into  the  river  in  its  upper 
parts,  from  the  paper  mills  and  other  public  works,  are  sufficient  only 
to  reduce  the  per-centage  of  oxygen  from  29  to  22,  and  there  is  practi- 
cally enough  of  oxygen  still  left  in  the  water  to  oxidise  more  organic 
matter.    The  actual  amount  of  oxygen  taken  up  by  the  oxidation  of 
the  organic  matters  discharged  from  the  mills  may,  however,  be  rela- 
tively greater  than  what  is  represented  by  the  proportional  diflTerence 
between  29  and  22,  as,  during  its  course  down  to  Coltbridge,  the 
Water  of  Leith  is  exposed  to  the  air,  is,  moreover,  at  certain  j^arts, 
:a  rapid  running  stream,  and  occasionally  flows  over  a  rocky  bed, 
and  thus  the  water  is  liable  to  become  aerated  again,  and  will  likely, 
as  it  loses  oxygen .  in  the  oxidation  of  the  organic  matter  present  in 
the  water,  receive  a  fresh  supply  from  the  atmosphere.    At  all  events, 
the  Water  of  Leith  arrives  at  the  outskirts  of  Edinburgh,  and  at  the 
point  where  the  first  portion  of  the  sewage  is  discharged  into  it,  as  a 
stream  which  still  retains  enough  of  oxygen  to  keep  all  its  other 
ingredients  in  a  fresh  condition. 

Three  samples  of  liquid  were  taken  from  the  sewer  known  as  the 
Lochrin  Burn,  one  sample  from  the  South  or  Moray  Place  sewer  at 
Stockbridge,  and  one  from  Canonmills  sewer,  and  the  amount  of  oxygen 
present  in  each  of  these  respectively  was  3 -33,  2-70,  2-10,  2-80,  and 
2  -  60  per  cent.  In  other  words,  the  proportion  of  oxygen  was  at  a 
minimum,  and  it  is  questionable  how  far  the  remaining  traces  could 
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have  the  power  of  oxidising  organic  matters.  At  all  events  it  was 
plainly  observable  that  the  spring  water  which  is  conveyed  into  the 
houses  of  Edinburgh,  wi(h  oxygen  present  in  the  gases  dissolved 
therein  to  the  extent  of  fully  29  per  cent.,  is  afterwards  found  es- 
caping trom  the  sewers  with  the  proportion  of  oxygen  less  than 
6  per  cent,  on  the  average  of  five  samples.  Moreover,  the  sewarre 
liquids  were  highly  charged  with  organic  matters  capable  of  being 
oxidised,  and  possessing  the  power  of  abstracting  the  oxygen  dissolved 
m  very  large  quantities  of  water. 

The  effect  of  the  sewage  matters  on  the  gases  disolved  in  the  Water 
of  Leith  is  very  decided,  for  whilst  the  gases  in  the  Water  of  Leith  at 
Coltbridge  contain  fully  22  per  cent,  of  oxygen,  the  sewage  conveyed 
by  the  Lochrin  Burn,  and  numerous  smaller  sewers  discharging  into 
the  stream,  has  the  effect  of  reducing  the  per-centage  of  free  oxygen  to 
4  ' 20  per  cent,  by  the  time  the  water  passes  down  to  the  Water  of  Leith 
village,  and  much  organic  matter  still  remains  dissolved  and  suspended 
in  the  water  of  the  stream.  The  water  then  finds  its  way  over  a  rocky 
bed,  and,  apparently,  it  becomes  aerated  anew  to  some  extent,  for  under 
the  Dean  Bridge  the  per-centage  of  oxygen  in  the  gases  has  increased 
to  5  "70,  and  behind  Moray  Place,  near  St.  Bernard's  Well,  to  6"  10, 
whilst  on  another  occasion  the  ])roportion  rose  to  10*20  per  cent.  As 
the  stream  flows  on,  the  aeration  process  proceeds,  counter-balanced, 
however,  by  the  oxidation  of  the  oi-ganic  matters  already  present,  and 
being  received  every  here  and  there,  the  proportions  of  oxygen 
fluctuate  from  6 '60  to  4*10  near  Stockbridge,  and  at  St.  Mark's  Place, 
after  the  lade  joins,  from  6 '98  to  4 '10.  The  gases  dissolved  in  the 
waters  of  the  lade  which  traverses  Edinburgh,  gave  at  India  Place,  on 
two  different  occasions,  4 "  76  and  6 '  40  per  cent,  of  oxygen,  and  the 
water  of  the  lade,  just  before  joining  the  Water  of  Leith  at  St.  Mark's 
Place,  gave  5 '  40  per  cent,  of  oxygen. 

These  experimental  data  afford  proof  that  whilst  the  water  of  the 
Water  of  Leith  ai-rives  at  Coltbridge  charged  with  oxygen,  that 
immediately  in  mingling  with  the  sewage  of  Edinburgh,  conveyed  by 
the  Lochrin  Burn,  the  proportion  of  oxygen  is  reduced  to  a  minimum, 
and  practically  the  Water  of  Leith  and  the  lade  traverse  the  streets  ot 
Edinburgh  destitute  of  the  power  of  oxidising  the  organic  matter 
discharged  into  it  by  the  numerous  drains  and  sewers.  The  result  is 
that  true  putrefaction  proceeds,  and  noxious  gaseous  exhalations  are 
evolved  from  the  decomposing  organic  matters.  Under  no  circumstances 
is  oxygen  evolved  from  the  decomposition  of  animal  and  vegetable 
substances,  and  as  there  is  "practically  no  purifying  agent  left  in  the 
Water  of  Leith,  the  extensive  deposits  of  organic  muds,  which  are  found 
here  and  there  and  everywhere  in  the  bed  of  the  stream  and  lade,  have 
no  oxygen  to  consume  or  burn  them,  and  are  left  to  putrefy  and  exhale 
fulsome  emanations. 

X.  The  Atmosphere  in  the  Neighbourhood  of  the  Water  of  Leith,  Sfc. 

The  gases  evolved  from  the  decomposing  matters  were  generally 
recognised  in  the  immediate  vicinity  of  the  Water  of  Leith  conveying 
the  sewage,  as  also  in  close  proximity  to  the  main  drains  or  sewers. 
The  odour  vras  not  that  of  sulphuretted  hydrogen,  but  a  heavy  foetid 
nauseous  odour,  specially  observable  immediately  over  the  stream,  and 
was  doubtless  due  to  the  escape  of  gases  produced  by  the  putrefaction 
of  the  organic  deposits.  The  state  of  the  atmosphere  was  not  only 
judged  of°by  the  test  of  the  nose,  but  special  experiments  were  made 
with  a  standard  solution  of  permanganate  of  potash,  so  as  to  determine 
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the  relative  purity  or  impurity  of  the  atmosphere  in  the  vicinity  of  the 
Water  of  Leith,  and  at  some  distance  therefrom.  The  employment  of 
the  permanganate  of  potash  for  the  detection  of  impurities  in  the  air 
was  first  suggested  by  Dr.  Angus  Smith  of  Manchester,  The  standard 
solution  which  was  used  in  making  the  analyses  of  the  air  in  connection 
with  this  enquiry  was  of  such  a  strength  that  250  grains,  by  measure, 
of  the  permanganate  of  potash  solution  were  decolorised  by  0*027 
of  a  grain  of  fruit  sugar,  and  the  same  quantity  of  permanganate 
was  decolorised  by  0*0075  of  a  grain  of  metallic  iron. 

In  the  collection  of  the  samples  of  the  atmosphere  at  various  localities, 
half  gallon  stoppered  bottles  were  taken,  and  after  being  i-insed  with 
sulphuric  acid  and  nitric  acid,  were  thoroughly  washed  with  water, 
treated  with  a  little  permanganate  of  potash,  re-washed  with  distilled 
water,  and  then  filled  with  pure  water  and  the  stoppers  inserted. 
When  the  bottle  was  intended  to  be  filled  with  air  a  siphon  was 
introduced  to  the  bottom  of  the  bottle,  and  the  water  being  run  off  by 
the  siphon,  the  air  entered  at  the  mouth  of  the  bottle  without  being 
washed  by  the  water.  The  bottle  was  re-stoppered  and  the  contents 
were  tested  as  quickly  as  possible. 

In  using  the  standard  test  solution  of  permanganate  of  potash  for  the 
examination  of  the  air,  an  improvement  in  its  mode  of  application  was 
suggested  by  Dr.  Penny,  and  carried  out  in  these  investigations. 
Instead  of  employing  the  coloured  solution,  little  by  little,  so  long  as 
the  colour  was  destroyed,  which  leads  to  great  ii'regularity  in  the 
length  of  time  of  agitation,  and  is,  moreover,  tedious,  a  series  of 
standard  tubes  were  filled  with  solutions  of  the  permanganate  of  potash 
of  varying  strength,  so  as  to  form  a  sUding  scale,  where  the  full  or 
undiluted  colour  was  No.  I,  and  the  succeeding  numbers  contained  more 
and  more  water  till  No.  11  was  nothing  but  water.  The  following  short 
table  will  exhibit  the  scale  which  was  adopted  as  the  test  standard  : 

Test 
tube. 

{of  the  solution  of ' 
permanganate 
of  potash,  and 


„  2 

„  225 

» 

„  3 

„  200 

„  4 

175 

„  5 

150 

»  6 

125 

» 

»  7 

„  100 

>) 

„  8 

75 

)} 

„  9 

50 

5> 

„  10 

„  25 

» 

„n 

„  0 

The  mode  of  testing  th 

grains  by 

measure  of  the 

Degree 

in  scale. 

>uo  water 

100 

25  grs. 

water 

90 

50 

5> 

80 

75 

J> 

70 

100 

55 

60 

125 

)J 

50 

150 

55 

40 

175 

55 

30 

200 

55 

20 

225 

55 

10 

250 

55 

0 

Iff  250 


and  agxtatmg  the  test  solution  with  the  air  for  five  minutes,  Xn  th' 
solution  was  poured  mto  a  test  tube,  and  the  depth  of  colom  stiH 
remaining  observed,  and  contrasted  with  that  of  the  solutions  in  thP 
standard  test  tubes.  If  one  half  of  the  colour  was  lost,  tirHquid  from 
the  bottle  would  resemble  in  depth  of  tint  that  in  test  tube  No  6  Ihich 
contams  125  grains  of  the  permanganate  of  potash  solution,  along  wUh 

lif  r"  °  .'^k'.'"'  ^^'^       ^"S''^^  of  purity  would  beTo 

nb^olute  purity  being  100,  and  the  complete  decolorisation  of  the  Hqu^d 
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31  samples  of  air  wore  collected  at  various  parts  ou  different  occa- 
sious  and  were  tested  (Table  S.).  Ou  the  7tli  April,  nine  samples  were 
tested,  aud  whilst  the  degrees  of  purity  of  the  air  at  three  stations  in 
li^diuburgli  away  from  tlie  iuflueuco  of  tlie  Water  of  Leith  were  respec^ 
tiveiy  (100  boiug  absolute  purity)  85,  70,  aud  67,  and  the  air  at  the 
Water  ol  Leith  at  Coltbridge,  before  being  mingled  with  sewage  Avas 
75,  the  atmospliere  iu  the  immediate  vicinity  of  the  sewers  and  of  the 
Water  of  Leitli  conveying  sewage  had  its  degree  of  purity  reduced  to 
63,  58,  55,  and  55,  and  iu  one  instance,  as  below  the  dam  under  the 
Water  of  Leith  village,  the  100  of  standard  colour  was  totally 
destroyed,  a  second  100  was  similarly  bleached,  and  of  a  third  100 
only  20  remained.  The  reason  of  the  very  impure  state  of  the  air 
at  this  point  lies  in  the  fact  that  the  water  conveying  the  sewage,  in 
falling  oyer  the  dam,  is  dashed  into  foam,  and  the  impure  gases  tend 
more  quickly  to  escape,  aud  thus  contaminate  the  surrounding  atmo- 
sphere to  an  extent  more  than  in  ordinary  circumstances. 

On  the  9th  April,  16  samples  of  air  were  collected  and  examined. 
Three  samples  taken  in  Edinburgh  in  places  away  from  the  Water  of 
Leith,  and  one  sami^le  collected  in  Leith  at  a  distance  from  the  polluted 
stream,  gave  respectively  the  degrees  of  purity  of  80,  75,  80,  and  80, 
and  one  sample  taken  from  the  harbour  at  the  Victoria  Dock  head  gave 
70  ;  whilst  the  air  collected  under  the  immediate  influence  of  the 
Water  of  Leith,  conveying  the  sewage  of  Edinburgh  and  Leith,  gave 
respectively  60,  60,  50,  60,  60,  55,  55,  55,  60,  50,  and  55.  On  the  14th 
April  six  samples  of  air  were  collected  and  examined,  when  it  was  found 
that  over  the  Water  of  Leith  above  Coltbridge,  and  before  mixture 
with  sewage,  the  degree  of  purity  was  80,  whilst  over  the  sewers, 
aud  the  Water  of  Leith  conveying  sewage,  the  degrees  of  jDurity  were 
68,  66,  70,  64,  and  70  respectively. 

These  experimental  results  demonstrated  that  the  atmosphere  in  the 
immediate  neighbourhood  of  the  Edinburgh  and  Leith  sewers  and  the 
Water  and  Harbour  of  Leith  contains  more  impurity  than  what  is 
present  in  those  parts  of  Edinburgh  and  Leith  which  are  away  from 
the  influence  of  the  foul  gases  emanating  from  the  putrefying  substances 
in  the  Water  of  Leith. 

XI.  The  Vegetable  and  Animal  Life  in  the  Water  of  Leith,  S^c. 

In  the  bed  of  the  Water  of  Leith  above  the  influence  of  sewage  as 
at  Gorgie  dam,  which  is  about  a  mile  above  Coltbridge,  the  stones 
over  which  the  water  flows  have  plants,  such  as  moss,  attached  to 
them,  and  €hese  plants  are  found  on  the  stones  in  the  bed  of  the 
streams  conveying  water  practically  free  from  putrescent  matter  ;  but 
fi-om  the  entrance  of  the  Edinburgh  sewage  at  Coltbridge  downwards 
to  the  harbour  of  Leith,  the  stones  in  the  bed  of  the  stream  are  covered 
with  offensive  organic  growths,  which  are  characteristic  of  waters 
conveying  sewage  aud  capable  of  decomposing  and  evolving  un- 
wholesome gases.  Indeed,  not  only  are  the  stones  covered  with  such 
vegetable  growths,  but  everything  in  the  bed  of  the  river,  such  as 
arrested  portions  of  trees,  become  thickly  coated.  They  are  also  seen 
in  the  sewers  called  the  Lochrin  Burn  sewer,  the  Broughton  Burn,  and 
the  Bulls  Stank  sewer  at  Lovers  Loan  as  it  leaves  Edinburgh,  in  all 
of  which  the  bottom  and  sides  are  more  or  less  covered  with  the 
growths  Even  in  the  narrowed  part  of  the  channel  of  the  Water  ot 
Leith,  where  the  run  of  water  is  great,  these  organic  matters  are 
abundant,  aud  likewise  in  the  bottom  and  sides  of  the  lade  which 
traverses  Edinburgh.   All  the  twigs  and  branches  of  trees  which  hang 
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down  into  tlie  Loclirin  Burn  sewer,  and  into  the  water  of  the  lade,  as 
from  the  gardens  behind  Ainslie  Place  and  Moray  Place,  have  these 
<^rowths  adhering  in  long  streamers,  rendered  bulky  and  doubly  foul  by 
the  accumulation  of  entangled  filth.  These  growths  principally  consist 
of  those  low  forms  of  vegetable  life  which  are  regarded  by  some 
naturalists  as  Fungi,  and  by  others  as  Algae,  and  they  are  accompanied 
by  masses  of  animals  belonging  to  the  family  of  Vorticellidce,  including 
the  genera  Vorticella,  Carchesium,  Zoothamnium,  and  Epistyli&. 
Iiluch  of  the  organic  matters  which  are  found  entangled  in  the 
branches  of  trees  hanging  into  the  lades  and  open  sewers,  as  also  of 
the  organic  deposits  which  are  found  in  the  beds  of  the  Water  of 
Leith  and  of  the  lades,  are  composed  of  the  decaying  remains  of  such 
growths. 

The  chemical  analyses  of  these  organic  growths  (Table  T.)  demon- 
strated, that  even  when  examined  with  all  the  adhering  entangled  filth, 
when  dried,  they  contained  on  the  average  of  seven  samples,  50-61  per 
cent,  of  organic  matter,  of  which  0*84  consisted  of  nitrogen.  These 
organic  matters  ai-e  being  constantly  detached  from  the  stones,  &c., 
on  which  they  grow,  and  the  torn  off'  fragments  float  do^oi  the  stream 
or  lade  and  form  part  of  some  deposit  in  a  rocky  pool  or  in  the  still 
water  above  a  dam.  A  considerable  proportion  of  the  deposits  observed 
in  the  bed  of  the  Water  of  Leith  behind  Ainslie  Place  and  Moray  Place 
and  in  the  large  cesspool  at  St.  Mark's  Place,  consisted  of  those  organic 
growths  passing  into  an  active  state  of  putrescence.  During  the 
spring  months  the  growths  are  apparently  stronger  and  form  longer 
streamers  than  during  the  summer  months.  The  temperature  of  the 
latter  is  higher  and  facilitates  changes  such  as  the  disintegration  of  the 
mass.  These  growths  appear  to  be  the  last  stage  of  organic  life 
which  will  inhabit  foul  water,  but  in  places  where  in  the  spring 
many  patches  of  the  growth  were  observed,  in  summer  hardly  any 
was  to  be  noticed.  This  disappearance,  in  jiart  at  least,  of  the  growth 
is  to  be  attributed  to  the  more  foul  state  of  the  sewers  and  Water  of 
Leith  in  summer,  which  leads  in  some  places  to  such  a  rapid  putre- 
faction as  even  to  arrest  the  development  of  this  comparatively  simple 
fonn  of  organic  life. 

In  the  whole  course  of  the  Water  of  Leith  from  Coltbridge  down- 
wards not  a  single  fish  could  be  seen.  The  animal  life  which  were 
specially  visible  to  the  naked  eye  consisted  of  colonies  of  small  red 
worms,  which  Avere  very  abundant  in  many  places,  and  are  regarded 
as  the  last  remnant  of  animal  life  which  will  exist  in  water  contami- 
nated by  sewage.  These  minute  "red  worms  are  a  kind  of  Nais, 
belonging  to  the  family  of  Naidina,  and  are  named  Tubifex  rivulorum. 
They  are  found  in  greater  abundance  in  the  Water  of  Leith  during 
spring  than  in  simimer,  apparently  from  the  more  active  putrescence  of 
the  sedimentary  matter  leading  in  the  summer  to  the  disengagement 
of  a  more  full  supply  of  noxious  gases  which  even  these  minute 
worms  cannot  survive.  In  many  places,  where  in  spring  the  bed  of 
the  stream  or  of  the  lade  harboured  myriads  of  even  this  inferior 
type  of  animal  life,  there  was  hardly  a  specimen  to  be  had,  and  this 
was  doubtless  due  to  the  more  rapid  putrescence  of  the  deposits 
Abundance  of  auimalculEe,  including  the  Paramaecia,  were  found  iii 
the  Water  of  Leith  at  all  seasons  of  the  year. 

.  One  curious  effect  of  sewage  upon  animal  life  was  observed  by  me  in 
the  harbour  of  Leith.  Two  wooden  -  piers  stretch  some  distance  into 
the  sea  ;  they  are  constructed  of  the  same  kind  of  timber  and  are  of 
the  same  age.  The  West  pier  is  not  liable  to  be  influenced  by  sewaee 
passing  down  the  harbour  as.  the  tide  sweeps  the  sewage  from  it  and 
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'rlT""^  z^'  '^^'^^'^  through  in  some  parts  by  the 

b^Xtn?.?''  r  "il^»-''^°«I"'^te)  mollusc,  which  is  well  known  to 

wn=S       IT  erections  in  the  sea.    But  the  East  pier  is 

washed  by  the  sewage  water  and  apparently  from  the  disengagement 
sin  wn  o"''!!''^  hydrogen,  wh  ch  is  specially  irmed  when  sewfgf  meets 
sea  Ava  er,  there  is  not  a  single  Teredo  to  be  seen  at  its  work  of  drill- 
ing holes  in  the  wood  The  sewage  in  such  chcumstances  therefore 
appears  to  be  beneficial  m  retarding  the  ravages  of  this  troublesome 
mollusc. 

Independently  of  the  putrefaction  of  the  sedimentary  deposits  fish 
might  live  in  water  which  contained  nearly  the  proper  proportion  of 
oxygen,  but  the  water  of  the  Water  of  Leith  from  Coltbridge  down- 
wards is  almost  devoid  of  oxygen,  and  fish  can  no  more  live  in  water 
containing  no  oxygen  than  land  animals  could  live  in  an  apartment 
•destitute  of  air. 

It  it  worthy  of  note,  as  evidence  of  the  state  of  the  water  of  Leith 
and  Its  incapacity  to  support  the  life  of  fish,  that  during  the  summer 
of  1864  a  shoal  of  young  herrings  attempted  to  enter  the  harbour  of 
Leith,  and  those  herrings  turned  over  on  account  of  the  foulness  of  the 
water  and  the  majority  died  upon  the  spot. 


XII.  The  Purification  of  the  Water  of  Leith. 

The  foul  and  abominable  condition  of  the  Water  of  Leith  when 
polluted  by  the  sewage  of  about  100,000  of  the  inhabitants  of  Edinburgh 
and  Leith,  and  the  consequent  danger  to  health  of  the  communities  of 
both  towns  who  inhabit  houses  in  the  vicinity  of  the  stream,  led  to 
strenuous  efforts  being  made  to  remove  the  cause  of  the  evil  and  pro- 
vide for  the  purification  of  the  water  of  Leith,  which  at  the  present 
time  is  practically  an  open  sewer,  by  the  interception  of  the  sewage 
and  its  conveyance  by  a  main  drain  to  the  sea.  The  scheme  which 
was  suggested  and  approved  of  by  both  corporations,  and  which,  having 
received  the  sanction  of  Parliament,  is  now  in  course  of  being  carried 
out,  provides  for  a  main  drain  from  Coltbridge  down  to  Leith,  and  then 
out  to  sea  to  the  Black  Eocks.  The  whole  length  of  the  pipe  and  cul- 
vert will  be  about  5^  miles  for  the  main  work,  and  2  miles  for  branches, 
and  the  gradients  will  be  from  1  in  40  to  1  in  600 :  the  latter  being  the 
gradient  at  the  outlet.  The  length  of  main  pipe  and  branches  in  the 
Edinburgh  district  is  from  4  to  5  miles,  and  the  estimated  cost  of  that  part 
of  the  work,  viz.,  from  Coltbridge  down  to  the  boundary  of  Edinburgh 
and  Leith  is  29,3 14Z.  ;  whilst  the  length  of  the  main  pipe  and  branches 
from  the  boundary  of  Edinburgh  and  Leith  at  Bennington  to  the  Black 
Eocks  at  sea  is  9,600  feet,  and  the  estimated  cost  of  that  part  of  the 
work  is  25,686^.  The  whole  estimated  expense  of  the  work  is  55,000/. 
which  is  a  small  sum  in  comparison  with  the  5,000,000/,  now  being 
expended  by  London  in  a  similar  measure,  and  the  cost  of  the  works 
is  to  be  defrayed  by  a  rate  limited  to  2s.  6d.  per  pound  rental  for 
one  year,  on  all  the  property,  within  the  parliamentary  boundaries 
of  Edinburgh  and  Leith,  draining  into  the  water  of  Leith,  and  con- 
tributing to  the  sewage,  with  the  addition  of  a  grant  of  4,000A  from 
the  Leith  Docks  Commission. 

The  main  drain  is  to  be  an  iron  pipe  throughout  the  greater  part  of 
its  length,  though  at  a  portion  of  its  course  it  Avill  be  a  brick  culvert. 
At  the  Lochrin  Burn  sewer  and  the  Broughton  Burn  sewer  there  will  be 
cesspools  for  the  arrestment  of  dead  cats  and  dogs  and  other  materials 
thi'own  into  these  sewers  where  they  run  as  open  ditches,  but  all  the 
other  di'ains  and  sewers  will  be  directly  connected  with  the  main  drain, 
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leavin'^  overflow  pipes  for  tlie  discharge  of  the  comparatively  pure 
water  of  high  floods.  The  main  drain  will  intercept  all  the  ordinary 
sewao-e  of  Edinburgh  and  Leith,  which  naturally  drains  into  the 
water  of  Leith  and  the  lades.  The  apertures  of  the  different  branches 
and  connections  with  the  sewers  will  be  considerably  larger  than  the 
size  required  for  the  present  flow  of  sewage,  so  that  a  reasonable  fall 
of  rain  will  also  bo  received  in  the  main  drain. 

The  diameter  of  the  entrance  to  the  main  drain  or  iron  pipe  at  its 
commencement  at  Coltbridge  and  where  the  Lochrin  Burn  sewer  enters 
will  be  18  inches,  and  it  will  convey  away  360  cubic  feet  of  sewage 
per  minute  ;  at  Stockbridge,  where  the  large  North  and  South  (Moray 
Place)  sewers  enter,  the  iron  pipe  Avill  be  30  inches  in  diameter  and 
be  capable  of  carrymg  1,616  cubic  feet  of  sewage  per  minute.  At 
Canoumills,  where  another  large  Edinburgh  sewer  joins,  the  diameter 
of  the  main  drain  will  be  increased  to  33  inches.  At  the  boundary 
of  Edinbm-gh  and  Leith,  at  Bonniugton,  the  drain  will  be  a  brick 
culvert  4  feet  6  inches  by  3  feet ;  and  at  Leith,  and  passing  out  to  sea 
at  the  Black  Rocks,  the  iron  pipe  of  the  main  drain  will  be  3  feet 
6  inches  in  diameter,  and  be  capable  of  discharging  at  low  water 
2,200  cubic  feet  of  sewage  per  minute.  As  the  pipe  is  carried  past 
the  south-east  side  of  the  harbour  of  Leith  it  will  have  five  or  six 
overflow  pipes  at  the  level  of  high  water,  so  that  should  there  be  a 
flood  in  the  pipes,  and  very  high  tides  at  the  same  time,  there  will 
be  a  certain  overflow  into  the  harbour  ;  but  this  will  only  occur  in 
exceptional  cases,  and  then  only  into  the  harbour  during  high  water^ 
and  when  there  is  abundance  of  water  to  dilute  the  sewage  and  caiTy 
it  olF  during  the  receding  of  the  tidal  water.  The  main  drain  only 
intercepts  the  sewage  of  South  Leith,  but  simultaneously  with  this 
measure  being  carried  out,  the  Corporation  of  Leith  is  bound  to  inter- 
cept the  sewage  of  North  Leith  and  carry  it  by  an  independent  pipe 
to  the  sea. 

The  maximum  amount  of  ordinary  sewage  from  Edinburgh  and 
Leith,  which  is  discharged  into  the  Water  of  Leith  and  will  be 
received  in  the  main  drain,  is  574  cubic  feet  per  minute  ;  but  this 
amount  will  be  increased  in  the  course  of  time  by  building  opera- 
tions, and  the  increase  in  the  number  of  dwelling-houses  and  pos- 
sibly of  manufactories.  The  main  pipe  will  certainly  carry  double 
the  amount  of  the  sewage  water,  and  at  ordinary  times  it  may  carry 
three  times  and  even  four  times  the  amount  of  sewage  water.  During 
a  flood  of  rain-water,  the  first  portions  of  the  rain  will  serve,  from  the 
extra  force  of  the  ruu,  to  clean  out  the  sewers  into  the  main  drainage 
pipe,  and  when  all  the  sediment  in  the  sewers  has  been  swept  into  the 
pipe,  and  the  rain-water  increases  till  the  sewers  convey  more  than 
four  times  their  ordinary  discharge,  then,  whilst  much  Avill  stiU  be 
carried  away  by  the  main  drain,  all  the  excess  which  will  be  in  the 
upper  part,  and  will  merely,  at  the  worst,  be  sewage  mingled  with 
three  or  four  times  its  own  volume  of  rain-water,  will  be  discharged 
into  the  Water  of  Leith.  Not  only  will  the  sewage  be  largely  diluted 
when  it  flows  from  the  drain  into  the  stream,  but  the  river  itself  will 
generally  be  in  flood  at  those  times,  and  the  sewage  will  thus  pass 
into  the  Water  of  Leith  so  much  diluted  with  water  that  it  will  be 
comparatively  innocuous,  and  will  be  immediately  swept  onwards  with 
the  flood- water. 

That  a  flood  of  rain  in  the  sewers  is  generally  accompanied  by  a 
flood  of  water  in  the  river  has  been  placed  beyond  doubt  by  the 
accurate  observations  and  measurements  made  by  the  Euo-ineers  of 
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the  Drainage  Bill,  and  the  following  Table  gives  the  results  of  the 
simultaneous  gaugings  of  the  river  and  of  the  Lochrin  Burn  sewer 

Wafer  of  Leilh. 
Water  going  over  the  waste 

wicrs  at  the  dams,  and  over  Lochrin  Burn  Seicor. 

and  above  the  1,600  cubic  As  it  discharges  into  the 

  foot  per    mniute   passing  Water  of  Leith  at  Colt- 

0.0-vm  the  lades.  bridge. 

Surplus  water  at  dams  in    Plow  of  water  in  cubic  ft., 
cubic  foot,  per  minute.  per  minute. 

15  March  1864  -  13,850  ~309 

16  „  -  8,250  237 

17  „  -  8,255  221 

18  „  -  4,900  194 

19  „  -  3,950  194 

21  „  -  2,355  203 

22  „  -  3,300  213 

23  „                  -  1,530  178 
During  the  winter  season  water  is  always  going  to  waste  over  the 

wiers,  but  in  summer  weather  the  flow  of  any  water  over  the  dams  is 
exceptional. 

The  average  rain-fall  in  Edinburgh  is  24  inches  annually,  and 
judging  from  the  observations  of  several  yeai-s  it  is  found  that  a  rain- 
fall of  ■  64  in.  per  day,  which  is  required  to  produce  a  flow  of  one 
cubic  foot  a  minute  per  acre  into  the  aewers,  and  would  consequently 
increase  the  usual  flow  of  water  twofold,  can  only  be  exceeded  ten 
times  in  the  course  of  a  year  ;  so  that  if  the  main-drainage  pipe  has  the 
capacity  to  convey  double  the  quantity  of  the  ordinary  sewage,  the 
pipe  will  only  refuse  to  take  in  the  whole  contents  of  the  sewers 
in  10  days  of  every  year.  If  the  main  drain  can  carry  triple  the 
amount  of  the  ordinary  sewage,  the  quantity  of  rain  required  to  pro- 
duce more  than  this  quantity  occurs  so  seldom  that  the  junction  pipes 
will  only  overflow  1  \  days  in  the  year  ;  and  if  the  main  drain  can 
carry  four  times  the  quantity  of  the  ordinary  sewage,  then  it  will  only 
permit  of  the  discharge  of  part  of  the  flood  water  into  the  Water  of 
Leith  in  seven  days  in  every  eleven  years. 

XIII.  The  Condition  of  the  Water  of  Leith  as  contrasted  with  the 

State  of  the  Thames. 

In  drawing  this  paper  to  a  conclusion  it  may  be  interesting  and 
instructive  to  contrast  the  present  state  of  the  Water  of  Leith  with 
the  condition  of  the  Thames,  and  then  to  sum  up  the  principal  results 
of  the  investigations  undertaken  by  me  in  connection  with  the  contami- 
nation of  the  Water  of  Leith  by  the  sewage  of  Edinburgh  and  Leith. 

The  condition  of  the  Thames,  as  it  courses  through  London,  is  much 
less  foul  than  the  Water  of  Leith  as  it  traverses  Edinburgh.  The  ex- 
periments made  by  Graham,  Miller,  and  Hofmann  show  there  is  very 
little  increase  in  the  amount  of  organic  matter  in  the  Thames  at  Lon- 
don than  tliere  is  at  Thames  Ditton,  which  is  above  the  tidal  influence, 
and  therefore  not  liable  to  be  contaminated  by  the  sewage  of  Loudon. 
The  proportion  of  organic  matter  in  the  water  at  Thames  Ditton  is 
2 "29  grains  per  gallon,  and  in  the  water  supplied  by  the  Lambeth 
Company  and  derived  from  the  Thames,  London,  the  organic  matter 
is  only  2 '59  grains  per  gallon.  Practically,  therefore,  the  Thames 
water  does  not  materially  increase  in  the  proportion  of  organic  matter 
as  it  flows  down  to  London,  and  this  statement  will  be  more  decidedly 
borne  out  by  the  experimental  results  obtained  by  Hofmann  and  \A  itt 
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on  the  water  of  the  Thames  from  Kew  Bridge  down  to  the  Victoria 
Dock.    The  following  Table  gives  the  experimental  results  : —  ' 


Water  at  Kew  Bridge 

„     at  Crab  Tree  Slip,  near  Fulham  - 
„      opposite  lock  at  Wandsworth 
„      at  Westminster  Bridge 
„      at  London  Bridge 
„      at  Victoria  Dock 

Mean 


Solid  constituents  in  grains 
per  gallon. 

Organic. 

Total. 

Mineral. 

1-844 

1-  992 

2-  359 

1-  937 

2-  194 
2-032 

23-067 
20-124 
23-672 
23-496 
23-676 
25-649 

24-  911 
22'116 

26-  031 

25-  433 
25 • 870 

27-  681 

2-059 

23-281 

25-340 

The  mean  proportion  of  organic  matter  in  the  Thames  water,  there- 
fore, is  only  two  grains,  which  in  one  imperial  gallon  is  only  about 
■^^0  th  of  the  weight  of  the  water,  and  there  is  hardly  any  increase 
from  Kew  down  to  London  Bridge.  This  extraordinary  result  is  to 
be  fairly  attributed  in  part  at  least  to  the  quantity  of  oxygen  in  this 
water,  which  acts  readily  on  the  organic  matter  and  consumes  it. 
The  tide  appears  to  have  some  effect  upon  the  proportion  of  organic 
matter  as  well  as  saline  matter  in  the  Thames,  doubtless  due  to  the 
forcing  back  of  the  sewage  water,  and  the  disturbance  of  the  sediment 
in  the  bed  of  the  Thames.  Thus  Letheby  found  that  at  Woolwich 
at  high  tide  the  proportion  of  saline  matter  in  the  imperial  gallon  was 
453-6  grains  and  at  low  tide  was  60-6  grains,  and  at  London  Bridge 
the  saline  matter  at  high  tide  was  26 '  5  grains  and  at  low  tide  24  -  9 
grains  ;  whilst  the  organic  matter  in  the  water  at  London  Bridge,  at 
high  and  low  water,  was  respectively  3  grains  and  2*7  grains  :  of  the 
latter  1  -  6  grains  were  in  solution  and  1-1  in  supension.  The  sea, 
therefore,  penetrates  to  London  Bridge.  Odling,  in  experiments  made 
on  the  Thames  water  at  Greenwich,  found  that  on  the  average  of  many 
experiments,  the  amount  of  matter  dissolved  in  the  water  at  high  tide 
was  191-23  grains,  of  which  16-28  grains  were  organic  matter,  and 
at  low  tide  the  proportion  of  matter  was  45-91  grains,  of  which  6-13 
grains  were  organic.  It  would  thus  appear  that  the  average  amount 
of  organic  matter  in  the  Thames  at  Greenwich  is  nearly  three  times 
more  at  high  water  (16-28  grains)  than  at  low  water  (6-13  grains). 
Experiments  made  by  Odling  at  Greenwich  at  neap  tide  showed  that 
at  high  water  the  matter  carried  by  the  water  was  58  •  87  grains,  qf 
which  4-69  grains  weve  organic  matter,  and  at  low  water  27*- 87 
grains,  of  which  2-64  grains  were  organic  matter. 

The  mean  proportion  of  organic  matter  dissolved  and  suspended  in 
the  Water  of  Leith,  after  receiving  the  successive  quantities  of  the 
sewage  of  Edinburgh,  and  as  the  stream  flows  past  the  city  and 
onwards  to  the  harbour  of  Leith,  is  much  greater  than  what  is  found 
m  the  water  of  the  Thames.  Indeed,  as  the  Water  of  Leith  at  certain 
parts  of  its  course,  in  summer  or  dry  weather,  only  conveys  the  dis- 
charges of  the  common  sewers,  it  follows  that  the  water  in  the  bed  of 
the  stream  is  almost  pure  sewage.  During  the  winter  and  snrine- 
months  however,  the  whole  of  the  natural  water  of  the  stream  is  not 
diverted  mto  the  lades,  and  at  those  times,  the  sewage  is  mino-led  w  th 
more  or  less  ordinary  water  flowing  down  the  bed  of  the  river" 


32 


«oS  Pi-opoi-tions  of  organic,  saline,  and  earthy  matters  dis- 

solved  and  suspended  in  the  drainage  liquids  from  Edinburgh  and 
Leith,  and  Avhich  are  discharged  into  the  Water  of  Leith,  may  be 

irapeual  gallon  of  the  iquids  conveyed  by  the  principal  sewers  may 
be  more  clearly  observed  from  the  foUowing  table  :—  c  b  my 


Place  of  Collection. 


Lochrin  Burn  Sewer,  -west  of 

Abattoir  or  Slaughter-houses 
Lochrin   Burn    Sewer,  above 

Caledonian  Distillery 
Lochrin   Burn    Sewer,  above 

Coltbridge       -        .  . 
North  Sewer,  at  Stockbridge 
South  (Moray  Place)  Sewer,  at 

Stockbridge 
Canonmills  Sewer 
Broughton      Burnl  t-v 

Sewer       -  - 
Bulls  Stank  Sewer  -  1  ''^^'•ginf 
Coal  Hill  Sewer     .(  near  and 
Drawbridge  Sewer  -J  • 


} 


Mean  Proportion  of  organic 
matter  dissolved  and 
suspended  in  one  imperial  gallon. 


45-42  grs.  equal  to  Ts's^th  of  weight  of  water. 


44-38 

» 

60-34 
21-56 
31-79 
23-70 

>» 

y) 

>9 

)» 

57-58 

»> 

When  the  contents  of  the  above  sewers  are  discharged  into  the 
Water  of  Leith  they  necessarily  raise  the  relative  amount  of  organic, 
saline,  and  earthy  matters  in  the  water  of  the  stream,  as  may  be 
specially  observed  from  Table  V.,  which  gives  the  average  projDortions 
of  suchi  substances  dissolved  and  suspended  in  the  Water  of  Leith, 
from  immediately  above  Coltbridge,  where  the  sewage  begins  to  enter, 
down  to  the  Harbour  of  Leith  ;  and  the  following  table  gives  the 
various  quantities  of  the  organic  matter  dissolved  and  suspended  in 
tlie  Water  of  Leith  at  the  principal  stations,  from  its  sources  down  to 
the  sea.  * 


Place  of  Collection. 


Mean  Proportion  of  organic 
matter  dissolved  and 
suspended  in  one  imperial  gallon. 


} 


Water  of  Leith  above  Balemo  \ 
Bridge  (source)       -  -J 

Water  of  Leith,  Harelaw  Eeser- 
voir  (source) 

Water  of  Leith,  above  Colt-' 
bridge,  after  receiving  dis- 
cbarges from  Works  and 
before  being  mingled  with 
the  Sewage  of  Edinburgh 
and  Leith       -  - 

Water  of  Leith,  from  Coltbridge 
downwards,  and  whilst  re- 
ceiving successive  quantities 
of  Sewage. 

Water  of  Leith,  down  to  Water  \ 
of  Leith  Village        -  -J 


2-00  grs.  equal  to  aiSooth  of  weight  of  water. 


2-56 


5-07 


9-72 


SHUDotll 


uth 


Tiuoth 
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Number 

of 
Samples. 

Place  of  Collection. 

Mean  proportion  of  organic 
matter  dissolved  and 
suspended  in  one  imperial  gallon. 

6  < 

6 
C 
9 
1 

8 

IS 

Water  of  Leith,  under  De.in"! 

Bridge        -         -  -J 
Water  of  Leith,  behind  Moray  1 

Place      -       -       -        -  J 
Water  of  Leith,  above  Stock- 1 

bridge         -         -         -  J 
Water  of  Leith,  below  Stock-"! 

bridge       -       -       -       -  J 
Water  of  Leith,  at  Wan-iston  1 

Crescent      -          -          -  J 
Water  of   Leith,    from  ladel 

behind  India  Place,  and  at  > 

Beaver  Hall        -       -       -  J 
Water  of  Leith,   St.  Mark's! 

Place       -       -       -  -/ 

10-15         „         T^ffoth  „ 
9-Gl         „         TuVith  „ 

9  91            „  Ts'juth 

23'16         „         soVoth  II 
17*72                  ^Vuth  1) 

10*82         „         Tsffoth  ., 

26-45         „        Wmyth  i» 

It  will  thus  be  observed  that  the  Water  of  Leith,  as  it  leaves 
Edinburgh,  contains  fully  ten  times  the  quantity  of  organic  matter 
■which  is  found  in  the  Thames  at  London  Bridge,  and  necessarily  the 
ofFensiveness  of  the  water  must  be  correspondingly  greater. 

The  solid  matter  discharged  by  the  sewage  of  London  in  one  day  is 
calculated  to  amount  to  250  tons,  and  as  50  days  elapse  before  it  is 
capable  of  reaching  Gravesend,  it  must  by  that  time  have  mingled 
with  250  millions  of  tons  of  water,  and  tJie  oxygen  contained  therein 
is  no  doubt  sufficient  to  aid  in  the  decay  or  combustion  of  the  organic 
matter,  and  thus  consume  it,  without  putrefaction  (in  the  true  sense 
of  the  term)  setting  in.  Indeed,  before  it  reaches  Gravesend,  the 
greater  part  of  the  organic  matter  must  be  decomposed,  and  even  at 
the  worst,  the  water  can  only  have  present  12,500  tons  distributed 
amongst  250,000,000  tons  of  water,  which  is  only  2  ozs.  of  solid  matter 
in  a  ton  of  the  water,  or  a- u^ott      P^^'^  weight  of  the  water. 

In  the  investigations  relating  to  the  sewage  of  London  and  its  effects 
on  the  Thames,  and  the  injury  to  health  inflicted  thereby,  it  is  con- 
clusively shown  that  the  greatest  part  of  the  nuisance  lies  in  the 
sedimentary  matter  which  lines  the  banks  and  is  in  an  active  state  of 
putrefaction  ;  and  the  same  conclusion  has  been  come  to  by  me  in 
regard  to  the  foul  deposits  in  the  bottom  of  the  lades  and  in  the 
bed  of  the  water  and  harbour  of  Leith.  The  average  composition 
of  these  sedimentary  matters  collected  from  the  bottom  of  the  open 
scAvers  discharging  into  the  Water  of  Leith,  and  from  the  bed  of  the 
Water  of  Leith,  of  the  lades,  and  of  the  harbour,  is  given  in  Table  W. 
in  a  condensed  form. 

The  mixture  of  sea  water  with  the  sewage  in  the  harbour  of  Leith 
causes,  besides  the  ordinary  putrefaction,  the  production  of  sulphu- 
retted hydrogen  in  quantity,  and  this  was  specially  observable  in 
the  mud  which  was  brought  up  from  mid-channel  of  the  harbour 
by  a  dredging  machine  during  one  of  my  visits  to  the  Water  of 
Leith.  A  similar  disengagement  of  sulphuretted  hydrogen  under 
hkc  circumstances  has  been  observed  previously,  especially  where 
organic  matter  meets  with  sea  water  in  hot  climates,  such  as  on  the 
coasts  of  Africa,  and  it  has  also  been  observed  in  part  to  occur  in 
the  lhames,  and  give  rise  at  least  to  an  increase  in  the  amount  of 
sulphuric  acid  in  combination  with  Thames  water  at  hi^^h  tide  as 
10740.  ° 
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compared  with  low  tide.  The  disengagement  of  sulphuretted  hydrogen 
in  tropical  regions  Avhcii  organic  matter  and  sea  water  meet  is  so 
decided  that  the  odour  and  other  effects,  of  sulphuretted  hydrogen 
have  sometimes  been  observed  27  miles  at  sea  from  the  mouths  of 
rivers. 

The  gases  evolved  during  the  decomposition  of  the  sedimentary 
matters  lying  in  the  open  sowers,  the  lades,  and  in  the  bed  of  the 
"Water  of  Leith  do  not,  however,  contain  much  sulphuretted  hydrogen 
(hydrosulphuric  acid),  but  mainly  consist  of  carburetted  hydrogen  and 
other  combustible  gases  and  vapours  Avhich  arc  known  to  be  evolved 
during  the  putrefaction  of  organic  matters.  The  average  composition 
of  twelve  samples  of  these  gases,  collected  from  five  stations,  is  civen 
in  Table  X. 

The  gases  dissolved  in  the  waters  of  the  sewers,  the  lades,  and  the 
Water  of  Leith  are  equally  characterized  by  the  minute  proportion  of 
sulphuretted  hydrogen  Avhich  is  present  at  any  time  in  these  waters, 
and  the  amount  of  which  is  so  slight,  that,  in  many  instances,  it  cannot 
be  recognised.  The  average  composition  of  twenty-five  samples,  col- 
lected from  six  stations,  is  given  in  Table  Y.  The  gases  evolved  from 
the  decomposing  and  putrefying  deposits  rise  up  through  the  water 
which  flows  above,  and  pass  into  the  atmosphere,  and  the  liquids  also 
tend  to  interchange  their  foul  gases  with  the  gaseous  constituents  of 
the  air,  and  hence  the  neighbouring  atmosphere  becomes  contaminated 
by  the  evolution  of  those  foetid  gases.  The  average  relative  purity  of 
thirty  samples  of  the  atmosphere  collected  in  districts  away  from  and  near 
the  open  eewers,  lades,  and  the  Water  of  Leith  is  given  in  Table  Z. 


In  considering  the  whole  subject  of  this  paper,  and  contrasting  the 
results  of  the  investigation  made  by  me  relative  to  the  Water  of  Leith 
with  those  made  in  London  on  the  Thames,  and  knowing  the  great 
benefits  derivable  from  improved  drainage  in  the  lessening  of  the  rate 
of  sickness  and  of  death  in  all  localities  where  elTective  and  judicious 
sanitary  measures  have  been  carried  out,  I  beg  to. submit  the  following 
conclusions  on  the  contamination  of  the  Water  of  Leith  by  the  sewage 
of  Edinburgh  and  Leith  : — 

1.  That  the  Water  of  Leith,  above  the  influence  of  the  sewage  of 
Edinburgh,  is  a  small  stream  of  water  of  a  peaty  or  mossy 
nature,  which  has  its  original  amount  of  organic  and  saline 
matters  increased  by  discharges  from  paper  mills  and  other 
public  works,  but  arrives  at  Edinburgh  in  a  condition  not 
liable  to  putrefaction  and  containing  a  good  proportion  of 
free  oxygen  gas. 

II.  That  the  Water  of  Leith,  immediately  above  Coltbridge,  and 
before  admixture  with  the  Edinburgh  sewage,  is  compara- 
tively free  from  foul  deposits  and  from  unsightly^ organic 
growths,  and  does  not  evolve  unwholesome  gases  into  the 
surrounding  atmosphere,  and  thus  contaminate  the  air  of 
the  vicinity.  _    _  . 


XIV.  General  Conclusions. 
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animal  system,  iucludiug  the  solid  excrements  or  faeces, 
and  even  iu  comparatively  cold  weather  evolve  abundantly 
offensive  odours. 

V.  That  the  sides  and  bottom  of  the  open  sewers,  of  the  lades 
which  traverse  Edinburgh,  and  the  bed  of  the  Water  of 
Leith  from  Coltbridge  downwards,  are  more  or  less  covered 
with  offensive  organic  growths  characteristic  of  streams  and 
open  drains  which  convey  sewage  matters. 
Vr.  That  the  bottom  of  the  open  sewers,  the  bottom  of  the  Edin- 
burgh lades,  the  bed  of  the  Water  of  Leith  from  Coltbridge 
downwards,  and  the  harbour  of  Leith,  are  more  or  less 
thickly  covered  with  organic  matter  in  an  advanced  stage 
of  putrefaction,  which  fills  up  the  rocky  pools  at  certain 
parts  and  renders  the  dams  vast  open  cesspools. 
VIL  That  the  signs  of  animal  life  visible  to  the  naked  eye  in  the 
Water  of  Leith,  after  commencing  to  receive  the  sewage  of 
Edinburgh,  consist  mainly  of  multitudes  of  minute  worms, 
which  are  characteristic  of  waters  conveying  sewage,  and 
may  be  regarded  as  the  last  remnant  of  animal  life  which 
will  survive  iu  such  a  locality,  and  eveu^  these  die  off  in 
many  places  during  the  summer  weather,  and  when  the 
putrescence  of  the  organic  matter  jiroceeds  more  rapidly. 
VIIL  That  the  organic  sedimentary  matters  which  are  deposited  in 
the  bed  of  the  Water  of  Leith  from  Coltbridge  dowiiAvards, 
in  the  harbour  of  Leith,  and  iu  the  various  lades  below 
Coltbridge,  are  in  a  state  of  active  putrefactive  fermenta- 
tion, and  the  slightest  agitation  of  the  deposit  gives  rise  to 
the  abundant  evolution  into  the  surrounding  atmosphere  of 
those  gases  which  are  well  known  to  be  evolved  from  de- 
composing vegetable  and  animal  matters. 
IX.  That  whilst  all  healthy  water  contains  a  considerable  propor- 
tion of  oxygen  gas  dissolved  therein,  which  can  act  in 
consuming  any  organic  impurities  which  may  jiass  there- 
into, the  Water  of  Leith,  after  mixing  with  the  sewage 
matters,  is  found  to  be  practically  devoid  of  oxygen  gas, 
and  the  contents  of  the  sewers  are  found  equally  devoid  of 
oxygen  gas,  so  the  waters  of  the  sewers  and  of  the  Water 
of  Leith  fi  'om  Coltbridge  downwards  are  practically  devoid 
of  any  purifier,  and  must  allow  their  contents  to  become 
putrescent. 

X.  That  the  putrescence  of  the  organic  liquids  and  deposits  in 
the  open  sewers,  the  bottom  of  the  lades,  and  the  bed  of  the 
Water  of  Leith,  in  all  weathers,  but  especially  in  summer, 
and  the  evolution  of  noxious  gases  therefrom,  lead  to  the 
sensible  contamination  of  the  surrounding  atmosphere,  and 
consequently  decrease  the  purity  and  healthiness  of  the 
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air. 

That,  taking  all  these  circumstances  into  consideration,  I  am 
decidedly  of  opinion  that  the  discharge  of  sewage-matters 
into  the  Water  of  Leith  in  any  weather,  but  especially  in 
the  Avarmer  months,  leads  to  the  accumulation  of  organic 
matter  of  a  most  offiansive  nature,  and  that  the  consequent 
putrefaction  of  this  organic  matter  gives  rise  to  the  evolu- 
tion of  gases  which  are  highly  offensive  and  pernicious 
and  must  render  the  neighbouring  localities  more  or  less 
unwholesome. 

Q  2 
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XII.  That  the  condition  of  the  Water  and  Harbour  of  Leith  is 
much  more  noxious  tlian  any  part  of  the  Thames,  as  the 
proportion  of  organic  matter  is  much  greater,  and  the  rocky 
pools  and  dams  afford  more  obstacles  to  the  flow  of  the 
sewage,  and  that  the  time  had  certainly  arrived  when  a 
main-drainage  scheme  was  absolutely  required  for  the  puri- 
fication of  the  Water  of  Leith. 
The  lengthened  investigation  into  the  condition  of  the  Water  of 
Leith,  and   the  contamination  of  the  stream  with  the  sewage  of 
Edinburgh  and  Leith,  has  brought  prominently  before  me  the  great 
i^ury  done  to  rivers  by  the  sewage  of  populous  places.    The  full 
effect  of  such  contamination  cannot  be  observed  by  the  simple  in- 
spection or  even  the  analysis  of  the  water,  so  as  to  determine  merely 
the  proportion  of  organic  matter  which  may  be  present  therein,  but 
can  only  be  learned  by  a  thorough  examination  of : — 

1.  The  liquids  conveyed  by  the  sewers  and  rivers  : 

2.  The  sedimentary  matters  lying  in  the  bottom  of  the  open  sewers 

and  the  bed  of  the  rivers  : 

3.  The  gases  evolved  during  the  decomposition  of  these  sedimentary 

matters  : 

4.  The  gases  dissolved  in  the  waters  ;  and 

5.  The  atmosphere  in  the  neighbourhood  of  the  open  sewers  and 

rivers  conveying  sewage. 
The  injury  done  by  sewage  in  the  contamination  of  the  waters  of 
streams  and  rivers  is  not  the  only  grievance  which  is  sustained  by  the 
improper  discharge  of  the  drainage  of  houses.  In  the  smaller  towns 
and  villages  where  no  drainage  system  is  carried  out,  and  where  no 
regular  water  supply  is  introduced,  a  plan  of  receiving  water  and 
discharging  drainage  is  adopted  which  is  positively  unwholsome  and 
detrimental. 

In  the  better  class  of  dwellings  in  non-drainage  localities,  each 
house,  when  built,  is  provided  immediately  underneath  or  in  a  small 
front  or  back  plot,  with  two  holes,  one  of  which  is  a  well  with  a  pipe 
leading  to  the  house  and  the  second  is  a  cesspool  with  a  pipe  coming 
from  the  house,  so  that  the  water  is  drawn  from  the  one  hole  and  is 
returned  to  the  other.  The  well  is  in  most  instances  dependent  for  its 
supply  on  the  percolation  of  water  from  the  sides  and  bottom,  and 
thus  it  draws  water  from  the  neighbouring  ground  ;  whilst  the  cess- 
130ol  of  the  house  is  not  many  yards  away,  and  the  liquid  discharged 
from  the  water-closets  and  kitchen  sinks,  is  run  into  the  cesspool,  oozes 
through  the  soil  and  enters  the  well.  That  cesspools  are  related  to 
wells  in  this  manner  is  abundantly  evident  from  the  examination  of 
the  ground,  and  the  analysis  of  the  water  from  the  well.  The  ground 
around  the  cesspool  is  more  or  less  impregnated  with  organic  matter, 
and  whilst  the  more  solid  parts  of  the  impurities  are  left  in  the  ground, 
the  more  liquid  portions  enter  the  well.  Occasionally  the  sides  of  the 
well  are  stained  with  an  offensive  slime,  and  in  many  instances,  when 
the  wells  are  cleared  out,  they  are  found  to  contain  a  large  quantity 
of  decomposing  organic  sediment.  The  sewage  when  discharged  from 
a  house  in  a  fresh  state  is  comparatively  harmless  ;  but  when  putre- 
faction sets  in,  and  especially  if  the  matter  is  arrested  in  cesspools  in 
the  immediate  neighbouring  ground,  there  is  much  danger  from  the 
contamination  of  the  wells,  and  the  escape  of  noxious  gases  mto 
the  surrounding  .  atmosphere.  During  the  process  of  putrefaction,  a 
portion  of  the  offensive  matters  become  liquid  and  are  dissolved  in  the 
water,  and  whilst,  in  some  instances,  the  organic  matter  permeates  the 


37 


soil  and  coramuuicates  a  greenish  yellow  colour,  and  an  offensive  odom 
and  taste  to  the  water  ;  yet  in  most  cases  the  water  does  not  betiay 
from  its  colour,  odour,  or  taste,  the  slightest  evidence  of  being  con- 
taminated by  the  products  of  offensive  animal  and  vegetable  matteis 
which  have  undergone  putrefaction  and  decay.  For  some  years  my 
attention  has  been  specially  directed  to  the  influence  of  cesspools  and 
other  accumulations  of  organic  matter  on  waters  intended  to  be 
employed  for  household  use,  and  I  have  repeatedly  examined  waters 
of  pleasing  appearance  which  were  regularly  used  for  drinking  ana 
for  culinary  purposes,  and  were  even  famed  as  first  class  waters  lor 
general  dietetic  use,  and  which,  on  chemical  examination,  proved 
themselves  to  contain  in  one  imperial  gallon  from  two  to  thirty  grains 
of  organic  matter  and  the  products  derived  from  its  decomposition. 

The  results  of  the  many  experiments  and  observations  which  I  have 
made  on  the  pollution  of  the  Water  of  Leith  and  other  streams  and 
rivers,  as  also  on  the  contamination  of  wells,  by  the  sewage  of  houses 
and  towns,  have  demonstrated  the  foUowing  general  conclusions  on 
the  important  question  of  the  influence  of  drainage  materials  on 
natural  waters  : —  .  . 

I.  That  the  discharge  of  the  sewage  of  towns  and  cities  into 
streams  and  rivers  pollutes  the  water  by  the  admixture  of 
much  organic  matter  in  a  state  of  active  putrescence, 
n.  That  the  more  solid  part  of  the  sewage  discharged  by  drains 
into  streams  and  rivers,  accumulates  in  all  pools,  and  above 
all  dams,  cauls,  or  other  obstructions,  and  forms  a  deposit 
of  decomposing  filth. 

III.  That  the  organic  matter  conveyed  by  the  sewers  into  natural 

waters,  is  more  or  less  acted  upon  by  the  oxygen  dissolved 
in  the  water,  and  is  in  part  consumed  thereby. 

IV.  That  the  combustion  of  part  of  the  organic  matter  necessitates 

that  the  oxygen  gas  dissolved  in  the  water,  and  which  is 
the  natural  purifier,  should  be  abstracted  therefrom,  and 
subsequently  the  remainder  of  the  organic  matter  must 
pass  into  a  state  of  putrefaction. 
V.  That  the  sedimentary  matter  which  is  conveyed  by  sewage, 
and  which  lodges  in  the  pools  and  above  obstructions,  as 
well  as  on  the  banks  of  the  streams  and  rivers,  is  of  a  nature 
to  be  actively  putrescent. 

VI.  That  the  organic  matter  dissolved  in  the  water,  and  the 

organic  deposits,  are  constantly  evolving  considerable 
volumes  of  gases  which  mainly  consist  of  combustible 
gases,  or  those  which  are  known  to  l)e  given  off  during 
the  putrefaction  and  decomposition  of  animal  and  vegetable 
matters. 

VII.  That  the  gases  evolved  during  the  putrefaction  of  the  organic 

substances  contaminate  the  atmosphere  of  the  neighbour- 
hood, and  necessarily  decrease  the  healthy  nature  of  the 
air. 

Vm.  Tliat  when  the  proportion  of  sewage  is  comparatively  little, 
the  waters  of  streams  and  rivers  may  contain  enough  of 
oxygen  to  consume  much  of  the  organic  matter,  but  this 
necessitates  that  the  proportion  of  oxygen  be  diminished^ 
and  the  water  be  rendered  more  or  less  irrespirable  for 
fish. 

IX.  That  natural  waters  conveying  relatively  a  large  proportion 
of  sewage  matter  are  totally  unfit  for  the  sustenance  of  the 
life  of  fish,  as  the  oxygen,  for  their  respiration,  has  been 
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abstracted,  and  the  water  has  become  practically  devoid  of 
that  gas, 

X.  That,  ill  districts  where  defective  or  no  drainage  is  carried 
out  the  well  waters  are  liable  to  be  contaminated  by  the 
decomposing  organic  matter  which  is  dischai'ged  into  the 
neighbouring  cesspools,  and  impurities  derived  therefrom 
may  be  present  in  well  waters  which  are  devoid  of  colour 
and  odour,  have  no  unpleasant  taste  and  may  be  popularly 
known  as  good  waters. 

XI.  That  water  contaminated  by  sewage  becomes  more  or  less 

unfit  for  household  purposes,  and  even  when  the  proportion 
of  sewage  is  small,  and  the  water  may  be  comparatively 
clear,  it  is  unwholesome  as  a  beverage,  and  is  unfit  for 
culinary  purposes. 

XII.  That  it  behoves  all  parliamentary  and  municipal  authorities 

to  pass  and  enforce  measures  for  tlie  suppression  of  the 
causes  of  the  pollution  of  wells,  streams,  and  rivers,  and 
thus  arrest  the  evils  which  are  necessarily  attendant  on 
the  contamination  of  streams,  rivers,  and  other  waters  by 
the  sewage  of  cities,  towns,  villages,  and  other  populous 
places. 


(Signed)       Stevenson  Macadam. 
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Liquids  collected  from  the  Drains  and  Sewers  discharging  into  the  Water 


Temperaturo. 

In  solution. 

In  suspension. 

One  imperial 
gallon  contains 

in  solution 
and  suspension. 

Air. 

Liquid. 

Place  and 
Time  of  Collection. 

S 

.2*3 

h 

cS  O 

SI  • 

^  o.S 
*j  ^  « 

o.p; 

u 

a> 

. 

.2-3 

5'" 

S3 

ft 
«.st 

g  c:  m 

H 

OJ 

+3 

43 

IS  . 

gg 
11 

§  to 

o-^ 

o 

J  C3  05 
o3  2 

Fahr. 

40° 
52° 
51° 

50° 
43° 
47° 
47° 
44° 
44° 
45° 
4^1° 
49° 
48° 
44° 
56° 
69° 
64° 

Fahr. 

48° 
45° 
'15° 

45° 

4o 

46° 

45° 

45° 

44° 

44° 

43° 

47° 

46° 

44° 

48° 

57° 

54° 

Lochrin  Burn,  West  of 
Abattoir  or  Slaughter-houses. 

Day.  Hoiu\ 
14th  March  1864  at   2.16  p.m. 
17th        „        „    1.45  p.m. 
18th         „         „  11.35  a.ni. 

21st         „         „    4.7  p.m. 
iiitl                    „    o.o  p.m. 
23d          „         „  12.25  p.m. 
2-lth        „         „    9.40  a.m. 
26th         „        „  10.46  a.m. 
28th        „         „    5.2  p.m. 
29th        „        „    2.10  p.m. 
30th        „        „    7.20  a.m. 
31st         „         „    1.5  p.m. 
1st  April  1864      „    1.55  p.m. 
2d       „            „    9.45  a.m. 
7th      „            „    9.10  a.m, 
20th  May  1864     „  12.20  p.m. 
25th     „            „  10.25  a.m. 

•11-68 

16-  00 
18-60 

8-80 

5-  60 

17-  28 

6-  24 
10-88 

7-  20 
6-72 

21-12 

18-  40 
15-60 

31-20 

24-00 
16-56 

24-  48 
22-56 

27-  20 
19-20 

25-  60 
25-93 
18-24 
85-20 
24-00 

28-  88 

42-88 

40-00 

35-  16 
33-28 
28-16 
44-48 
25-44 

36-  48 
33-13 
2'l.-96 
56-32 
42-40 
44-48 

28-80 

19-68 

13-  88 
28-96 
12-48 
16-80 
16-60 

14-  08 
24-48 
22-88 
89-44 

135-36 
27-68 

52-00 

13-12 
10-12 

8-  32 
6-40 

16-00 
5-28 

9-  12 
18-72 

8-32 
10-73 
15-04 
10-72 

80-80 

32-80 
24-00 

37-  28 
18-88 
32-80 
21-88 
23-20 
43-20 
31-20 

100-16 
150-40 

38-  40 

40-48 

35-68 
32-48 
87-76 
18-08 
34-08 
22-84 
24-96 
31-68 
29-60 
110-56 
153-76 
43-28 

83-20 

37-12 
20-68 
32-80 
28-96 

43-  20 
24-48 
34-72 

44-  64 
26-56 

45-  92 
.39 -04 
39-60 

123- GS 

72-80 
59-16 
70-66 
47-01 
77-28 
47-32 
59*68 
76-32 
56-16 
156-48 
192-80 
82-88 

Average  of  18  samples  - 

12-36 

26-61 

38-97 

33-06 

24-66 

57-72 

45-42 

51-27 

96-69 

Table  B. 


Liquids  collected  from  the  Drains  and  Sewers  discharging  into  the  Water  of  Leith. 


Temperatiu-e. 

Place  and 
Time  of  Collection. 

In  solution. 

In  suspension. 

One  imperial 
gallon  contains 

in  solution 
and  suspension. 

Air. 

Liquid. 

10 

43 
43 

gg 

.2-3 

S  to 

s.g 
0 

43 
43 

g  a 

■3 
0  u 

i.S 

w 

ra  0 

«  "  s 

4?  r]  (H 

1  . 

g  s 

a  "3 

§  S) 

s 

S.S 

■S  . 

a  S 

o.S  ^ 
B 

<v 

43 
43 

as 
11 
0 

"2  43  ^ 
43  "-^ 

.-4  s3  0 
e3  QJ43 

"3.3 

111 

Fahr. 
46° 
47° 
47° 
50° 
47° 
48° 
47° 
56° 
64° 
54° 
53° 
52° 
51° 
00° 
63° 

46° 
54° 

47° 

Fahr. 

43° 

50° 

53° 

52° 

53° 

52° 

53° 

57° 

65°  • 

61° 

57° 

56° 

55° 

59° 

58° 

51° 
187° 

199° 

Lochrin  Burn 
above  Caledonian  Railway. 
Day.  Hour. 
14th  Mai-ch  1864  at  1 . 56  p.m. 
17th        „        „    2  p.m. 
ISth        »        „  11.52  a.m. 
19th        „        „  10.50  a.m. 
21st         „         „    4.30  p.m. 
224          „         „    3.30  p.m. 
23d          „         „  12.48  p.m. 
27th  April  1864    „    9.25  a.m. 
20th  May  1864     „  12.40  p.m. 
2Cth         „         „    9.25  p.m. 
27th         „         „  12.20  a.m. 
27  th         „         „    2.30  a.m. 
27th         „         „    4.30  a.m. 
27th         „            12.25  p.m. 
28th         „         „  ip.ui. 

Averagfl  of  15  samples  - 

14th  March  1884  at  2.1  p.m. 
5th  Apnl  1864     „    2.25  p.m. 

Average  of  2  samples  of  di-eg 
21st  March  1864  at  4.35  p.m. 

-16-08 

30-68 

12-  00 
18-80 
18-80 

13-  20 
10-84 

8-20 

14-  16 
13-36 

31-60 

26-24 
24-01) 

22-  88 

24-  32 

23-  20 
18-40 
10-32 
29-84 

25-  76 

47-68 

56-92 
36-00 

41-  68 

43-  12 
36-40 
29-2'! 
24-52 

44-  00 
39-12 

42-  47 

32-96 

98-48 
45-10 
18-08 
16-88 
12 -'10 
8-20 
5-88 

12-  72 

13-  08 

9-12 

10-  40 

11-  72 
9-12 
6-04 
4-80 
3-80 
2-73 
6-80 
6-12 

42-08 

108-88 
50-88 
27-20 
23-52 
17-20 
12-00 
8-60 
19-52 
19-80 

49-04 

129-16 
57-16 
36-88 
35-68 

25-  60 
19-04 
14-08 

26-  88 

27-  04 

40-72 

36-64 

35-  72 
32-00 

30-  96 
28-00 
23-20 
19-04 

36-  01 

31-  88 

89-76 

165-80 
92-88 
68-88 
66-61 
53-60 
41-24 
33-12 
63-82 
58-92 

15-77 

20-70 

28-01 

7-79 

30 -'10 

41-38 

34-49 

78-87 

78-40 
880-64 

Dreg 
25-60 
193-60 

EUNNII 
104-00 
1074- 2-Ji 

PK03 
19-68 
2-12 -88 

Caie 
2-72 
13-92 

DONIA> 
22-40 
2.50-80 

r  DisTi. 

98-08 
1123-52 

28-32 
207-52 

126-40 
1331-04 

'179-52 

109-60 

589-12 

131-28 

8-32 

139-60 

610-80 

117-92 

728-72 

Drog  allowed  to  settle  and  se 
at  212°  yielded  - 

dimcnt 

dried 

Or- 
ganic. 
93-33 

Saline. 
0-68 

Total 
per  ct. 
100-00 
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Table  C. 

Liquids  collectecT  from  the  Drains  and  Sewers  discharging  into  the  Water  of  Leith. 


Tcmporaturo. 

Place  and 
Time  of  Collection. 

In  solution. 

In  suspension. 

One  imperial 
gallon  contain* 

in  solution 
and  suspension. 

Air. 

Liquid. 

u 
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s  S 
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l.s 

o 

u 

h 

i.S 

CO 

cS  o 

^1  • 

^  o.S 
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a  s 

0 

u 

H 

«.a 

>-  a 

S  0 

•S2  . 

w  c 

g  S  2 
o.S.S 

4J 
*  . 

S  2 

.s-p 

S  3j 
it's 
O'" 

m 

4^ 

p 

5  =  ^ 

Piihr. 
45° 
48° 
48° 
50° 
47° 
48° 
50° 
44° 
44° 
48° 
*t° 
56° 
64° 
54° 
53° 
52° 
61° 
62° 
63° 
47° 

Fahr. 

44° 
48° 
47° 
4^1° 
45° 
43° 
61° 
47° 
60° 
54° 
48° 
54° 
03° 
67° 
57° 
60° 
50° 
59° 
59° 
68° 

Lochrin  Burn  above  Coltbridgc. 

Day.  Hour. 
14th  March  1864  at  1 .38  p.m. 
17th        „        „    2.23  p.m. 
18th         „         „  12.10  a.m. 
19th        „        „  11.10  a.m. 
21st         „         „    4.50  p.m. 
22d          „         „    3.50  p.m. 
23d          „         „    1.25  p.m. 
28th        „        „    5.20  p.m. 
30th        „        „    7.50  a.m. 
1st  April  1864      „    2.15  p.m. 
2d        „           „  10.5  a.m. 
7th       „           „    9.35  a.m. 
20th  May  1804     „    1  p.m. 
26th      „            „    9.35  p.m. 
27th      „            „  12.35  a.m. 
27th      „           „    2.45  a.m. 
27th      „            „    4.40  a.m. 
27th      „            „    1.15  p.m. 
28th      „           „    1.10  p.m. 
30th      „           „    7.10  p.m. 

-23-04 

J 

11-52 
16-24 
174-88 
33-92 
13-68 

11-  52 
16-40 

12-  16 

11-  36 
8-60 

22-40 

12-  40 
12-36 

130-56 

27-20 

23-  01 
31-20 
40-6-1. 
27-04 
21-92 

24-  80 

25-  41 
25-60 
27-20 
19-20 

19-  20 
23-04 

20-  64 
38-40 

50-21 

34-  56 
47-44 

215-52 
60-96 

35-  60 

36-  32 
41 -8 1 

37-  76 

38-  56 
27-80 
41-60 
35-44 
33-00 

168-96 

39-68 

17-92 
93-68 
15-04 
27-52 
12-72 
79-84 
8-32 
4-00 

3-  56 

4-  12 
3-60 
6-92 
8-44 

60-80 

16-32 

8-  00 

7-  52 
4-00 

9-  12 
800 
4-32 

8-  32 
6-80 
3-64 

3-  48 

4-  16 
6-16 
6-16 

5-  92 

50-00 

25-92* 

101  -  20 

19-  04 
36-61 

20-  72 
84-16 
16-64 
10-80 

7-20 
7-60 
7-76 
13-08 
14.60 
66-72 

62-72 

29-44 
109-92 
189-92 
61-44 
26-40 
91-36 
24-72 
16-16 
14-92 
12-72 
26-00 

19-  32 

20-  80 
191-36 

43-52 

.31-04 
38-72 
4-1-64 
.36-16 
20-92 
29  12 
33-76 
32-40 
30-84 

22-  68 

23-  36 
29-20 
26-80 
41-32 

106-24 

00-48 
l'18-04 
231-56 
97-60 
56-32 
120-48 
68-4S 
48-56 
45-7B 
35-40 
19-36 
48-52 
47-60 
235-68 

Average  of  20  samples  - 

31-31 

26-53 

57-84 

29-23 

9-17 

38-40 

60-54 

85-70 

96-24 

Table  D. 

-Liquids  collected  from  the  Drains  and  Sewers  discharging  into  the  Water  of  Leith. 


Temperature. 

Place  and 
Time  of  Collection. 

In  solution. 

In  suspension. 

One  imperial 
gallon  contains 

in  solution 
and  suspension. 

Air. 

Liquid. 

u 

a  2 

g  to 

tOri 

u 

0 

Ij 

n 

d  0 

s'-i . 

U 

^  . 

.2-3 

§  £0 
t"« 

u 

<u 
4^ 

Is 
it 

53  .S 

-S.S 

g  C  m 

S  I"  c 

to  w 

u 

13  . 

Eg 

.2 -a 

C  r" 
ci  to 
to  v 

0 

S'S 

>-.^ 

"3.5 

■♦^ 

0 

Pahr. 

45° 
50° 
48° 
48° 
45° 
45° 
44.° 
48° 
44° 
50° 

48° 
45° 
45° 
48° 
44° 
44° 
64° 
54° 
53° 
52° 
51° 
63° 

Fahr. 

43° 
46° 
44° 
45° 
46° 
45° 
43° 
44° 
44° 
^  48° 

45° 
47° 
45° 
45° 
45° 
45° 
64° 
64° 
62° 
50° 
60° 
62° 

North  Sewer  at  Stockbridge. 

Day.  Hour. 
18th  March  1864  at  12.50  p.m. 
19th        „        „  11.40  a.m. 
21st         „         „    5.15  p.m. 
22d          „         „    4.30  p.m. 
23d          „         „    3.35  p.m. 
29th         „         „    1.30  p.m. 
30th        „        „    8.10  a.m. 
1st  April  1804      „    2 . 45  p.m . 
2d       „             „  11.35  a.m. 
9th      „             „    4.5  p.m. 

Average  of  10  samples  - 

South  (Moray  Place)  Sewer  at 

StocKbridgo. 
22d  March  1804  at  4.35  p.m. 
23d         „          „    3. .30  p.m. 
29th       „          „    1.30  p.m. 
1st  April  1864      „    2.45  p.m. 
2d       „             „  11.44  p.m. 
2d       „             ,.  11.44  p.m. 
25th  May  1804     „  10.55  a.m. 
26th      „            „  10.25  p.m. 
27th      „           „    1.30  a.m. 
27th      „           „    3.33  a.ni. 
27th      „           „    5.25  a.m. 
27th      „           „    2.3  p.m. 

Average  of  12  sam])lcs  - 

jo-eo 

11-68 
8-00 
6-40 
5-44 
8-88 
4-16 

•23-68 

28-48 
27-84 
18-08 
2^1-32 
23-24 
23-08 

83-28 

40-10 
35-84 
21-48 
29-76 
32-12 
27-81 

13-28 

13 -.28 
20-00 
10-72 

10-  72 
13-20 

11-  08 

9-12 

7-  81 
9-92 
4-00 

11-08 
9-12 
9-12 

8-  81 

22-40 

21-  12 
29-92 
14-72 

22-  40 
22-32 
20-80 

22-03 

22-88 

24-90 
28-00 
17'12 
10-16 
22-08 
15-84 

32-80 

36-  32 

37-  76 
22-08 
36-00 
32-30 
32-80 

53-  6S 

61-28 
65-76 
39-20 
52-16 

54-  14 
48-64 

8-  29 

5-  08 

6-  80 

5-  20 

4-  00 

9-  44 
9-00 

10-10 

8-  20 

6-  52 

5-  08 
4-80 

9-  92 

21-04 

82-33 

13-27 

21-56 

32-85 

6.1-41 

20-88 

22-  21 
24-01 

23-  20 
29-00 
29-60 
27-4.1 
17-70 
12-80 
12-80 
14-81 
27-60 

31-90 
29-01 
29-84 
27-20 
39-04 
39-20 
37-00 
25-90 
19-32 
17-88 
19-64 
37-52 

11-  88 
15-00 
10-52 
20 -4« 

101-60 
80-90 

12-  32 
10-00 

6-80 
4-20 
3-2S 

13-  01 

0-  72 
7-52 

10-72 
7-52 
•IS -00 
42-72 
7-62 
7-00 

1-  80 
1-00 

0-so 

0-96 

18-  00 
23-12 
27-21 
2S-00 

149-00 
123-08 

19-  84 
17-00 

8-60 
5-80 
4-08 

20-  00 

37-17 

16-96 
22 --10 

21-  72 
24-l« 

Ul-04 
90-56 

22-  48 
18-20 
13-32 

9-28 
8-08 
22-96 

31-79 

33-  00 

29-  70 
35-30 

30-  72 
77-60 
72-32 

34-  90 
25-36 
14-00 

14-  40 

15-  01 
34-50 

60-50 
62-16 
57 -OS 
55-20 
188-64 
102 -8S 
57-11 
4."5-56 
27-92 
23-08 
23-72 
57-52 

7-07 

22-45 

29-52 

21-72 

12 -.15 

34-90 

06-69 

41 


Table  E. 

Liquids  collected  from  the  Drains  and  Sewers  discharging  into  the  Water  of  Leith. 


Temperature. 


Air. 


Pahr. 

46° 
50° 
50° 
50° 
48° 
48° 
45° 
46° 
44° 
45° 
44° 
49° 
48° 
44° 
62° 
54° 
53° 
52° 
.51° 
56° 
59° 


Liquid. 


Place  and 
Time  of  Collection. 


In  solution. 


is 

.2-3 

i  ti 
o  « 


B  0 
ee  o 


_  o 


EH 


In  suspension. 


a  I 


a  s 

5  to 


Pahr. 

44° 
45° 
45° 
44° 
45° 
45° 
40° 
46° 
45° 
45° 
44° 
40° 
40° 
45° 
55° 
53° 
51° 
50° 
50° 
50° 
61° 


Canonmills  Sewer. 
Day.  Hoiir. 
14th  March  1864  at  12.59  p.m. 


17tli 
18th 
19th 
2Ist 
22d 
23d 

26th  „ 
28th  „ 
29th 
30th 
31st 

1st  April  1864 
2d 

25th  May  1804 
2flth  „ 
27th 
27th 

27th  „ 

27th 

28th 


2.55  p.m. 
1.3  p.m. 
11.54  a.m. 
5.27  p.m. 

4.64  p.m. 
3.50  p.m. 

11.32  a.m. 
6.40  p.m. 
1.22  p.m. 
8.18  a.m. 
2.20  p.m. 

2.65  p.m. 
12  noon. 
5.20  p.m. 

10. .35  p.m. 
1.45  a.m. 
3.38  a.m. 
5.40  a.m. 
2.18  p.m. 
6.25  p.m. 


Average  of  21  samples 


8-00 


8-9G 
7'G8 

7-  06 

8-  00 

6-  08 
23-84 

8-  00 

4-  00 

9-  52 
8-00 

5-  24 
4-20 
3-60 
8-60 

7-  70 


8-20 


23-20 


57-7G 
24-48 

23-  62 
28-80 
18-40 

24-  96 
27-20 
15-20 
23-20 
2;j-20 
18-36 
15-80 
18-40 

25-  92 
21-44 


81-80 


66-72 
32-16 

30-  58 
36-80 
24-48 
4«-80 
35-20 

19-  20 
32-72 

31-  20 
23-60 

20-  00 
22-00 
34-52 
29-20 


21-10  32-30 


16-80 


47-08 
28-32 

9-28 
20-80 
14-40 

6-08 

8-  08 
18-72 

9-  12 
8-40 
4-28 

1-  92 

2-  72 
10-64 
34-88 


15-50 


13-60 


49-92 
8-48 
5-12 

10-  72 
15-20 

8-  32 

9-  92 

11-  52 

7-  52 
2-40 
0-80 
0-48 
0-48 

8-  16 

9-  92 


a  s 


One  imperial 
gallon  contains 

in  solution 
and  suspension. 


11-00 


30-4.0 


97-60 
86-80 
14-40 
81-52 

29-  60 
14-40 
18-00 

30-  24 
16-64 
10-80 

5-08 

2-  40 

3-  20 
18-80 
44-80 


26-50 


is 

§  3) 
O 


25-40 


5G-G4 
36-00 
16-34 
2S-80 
20-48 
29-92 
16-03 
22-72 

18-  64 
16-40 

9-52 
6-12 
6-32 

19-  24 
42-64 


a  +3  -1- 


Is 


36-80 


107-68 

32-  96 
28-G4 
39-52 

33-  60 

33-  28 
37-12 
26-72 

30-  72 
25-60 
19-16 
16-28 
18-88 

34-  08 

31-  36 


23-70    35-10  58-80 


62-20 


161-32 
6S-96 

41-  98 
68-32 
54-08 
63-20 
53-20 
49-44 
49-36 

42-  00 
28-68 
22-40 
26-20 
53-32 
74-00 


Table  F. 

Liquids  collected  from  the  Drains  and  Sewers  discharging  into  the  Water  of  Leith. 


Temperature. 

In  solution. 

In  suspension. 

One  imperial 
gallon  contains 
in  solution 

and  suspension. 

Air. 

Liquid. 

Place  and 
Time  of  CoUectiou. 

Organic  matter 
in  grains. 

Saline  matter 
in  grains. 

Total  matter 
in  solution  in 
grains. 

Organic  matter 
in  grains. 

Earthy  matter 
in  grains. 

Total  matter 
in  suspension 
in  gi-auis. 

Organicmatter 
in  grains. 

Saline  and 
earthymatter 
in  grains. 

Grand  total 
matter  in 
grains. 

Fahr. 

65° 
64° 

Fahr. 

57° 
61° 

Broughton  Burn  Sewer  at 
Bennington  Road,  and  imme- 
diately above  junction  with 
Water  of  Leith. 
Day.  Hour. 
9th  April  18G4     at  11.50  a.m. 
2oth  May  1864     „    3.20  p.m. 

9-12 
12-00 

22-24 
28-80 

81-36 
40-80 

14-40 
60-48 

10-88 
23-52 

25-28 
84-00 

23-62 
72-48 

83-12 
52-82 

66-64 
124-80 

Avei-age  of  2  samples 

Bulls  Stank  Sewer  at  Lovers 
Loan. 

21st  March  1864  at   6.5  p.m. 

Bulls  Stank  Sewer  at 
J  unction  Eoad  Bridge,  Leith. 
14th  March  1864  at  12.37  p.m. 

»        »    8-5  a.m. 
25th  May  1864     „    1.1  p.m. 

10-56 

25-62 

36-08 

87-44 

17-20 

54-64 

48-00 

42-72 

90-72 

17° 

45° 
49° 
36° 

45° 

42° 
45° 
40° 

B-4f4 
|6-28 

31-04 
81-04 

86-48 
86-82 

14-08 
10-88 

5-92 
5-92 

20-00 
16-80 

19-52 
16-10 

80-06 
80-96 

50-48 
53-12 

6-1° 

57° 

8-82 

32-96 

41-28 

7-68 

2-72 

10-40 

16-00 

35-68 

51-68 

Average  of  6  samples 
Coal  Uill  Sower  at  Leith. 

18th  March  1864  at  6.7  p.m 
»        ..    7.50  a.m. 

19"!        ,.        „    7.55  a.m. 

5-92 

31-42 

37-34 

10-88 

5-28 

16-16 

10-80 

36-70 

63-50 

45° 
36° 
36° 

43° 
49° 
41° 

|64-64 

145-76 

210-40 

80-48 

3G-32 

110-80 

145-12 

182-08 

827-20 

44° 

46° 

Sower  below  Drawbridge 
at  Leith. 
23d  March  1804  at  0.60  p.m. 

7-84 

46-56 

6i-40 

10-40 

4-80 

15-20 

18-24 

51-80 

60'60 

42 


Table  G. 

Sedimentary  Matters  collected  from  tlie  bottom  of  the  open  Sewers 
discharging  into  the  Water  of  Leith. 


Dried  at  212°  Fahr. 


Temperature. 

Place  and 

Pcr-centage  composition. 

Air.  js 

sediment. 

time  of  collection. 

* 

Organic 
matter. 

Earthy 
matter. 

Total. 

Nitrogen. 

Pahr. 

51° 

60° 
50° 
48° 
47° 
69° 
64° 

Fahr. 

45° 

41° 
45° 
45° 
46° 
57° 
54° 

Edinburgh  Sewers,  Loohrin  Burn,"\ 
west  of  Slaufilitcr-houses,  col- 1 
lectcd  on  18tU  March  ISfrl  at  f 
11.35  a.m.      ...  -J 

Edinburgli  Sewers,  Lochrin  Burn,S 
west  of  Slaueliter-houses,  col-  ( 
looted  on  19tli  March  1864  atf 
10.35  a.m.  ... 

Edinburgh  Sew(?rs,  Lochrin  Burn,"") 
west  of  Slaughter-house.s,  col-  ( 
lected  on  21st  March  1864  at  f 
4.10  p.m.      -       -       -  -J 

west  of  Slaughter-houses,  col-i. 
lected  on  22d  March  1864  at  C 
3.12  p.m.       ...  .) 

Edinburgh  Sewers,  Lochrin  Buru,^ 
west  of  Slaughter-houses,  col-  ( 
lected  on  23d  March  1864  at  f 
12.30  p.m.       -      .       -  .J 

Edinburgh  Sewers,  LoclmnBurn.'^ 
west  of  Slaughter-houses,  col-  ( 
lected  on  20th  May  1864  atf 
12.20  p.m.      .       .      -  -J 

Edinburgh  Sewers,  Lochrm  Burn,^ 
west  of  Slaughter-houses,  col- 1 
lected  on  25th  May  1864  at  C 
10.25  a,m.      .      -       -  -J 

41-92 
46-12 
07-72 
52-44 
55-32 
46-12 
35-32 

j 

55-08 

53-88 

32-28 

47-56 
44-68 
53-88 
64-68 

100-00""!  j 
100-00 
100-00  - 
lOO-OO 

100- ooJ 
100 -oo| 
100 -ooj 

Average 
Amount. 

1-30 
1-20 

Average  of  7  samples 

49 '70 

50-30 

100-00 

1-27 

48° 
47. 
64^ 

52° 
53° 
65° 

Edinburgh  Sewers,  Loohrin  Burn"^ 
above  Caledonian  Distillery,  col-  ( 
lectcd  on  22d  March  1864  atC 
3.35  p.m.       .       .       -  -J 

Edinburgh  Sewers,  Lochrin  Burn,~) 
above  Caledonian  Distillery,  col-  f 
lected  on  23d  March  1864  atf 
1  p.m.      -      ■      ■       -  '-^ 

Edinburgh  Sewers,  L9chrm  Burn,") 
above  oaiecionian  jjisidiiery,  oui- 1 
lected  on  20th  May  1864  atf 
13, 4U  p.m.      -  'y 

26-12 
36-44 
20-52 

73-88 
63-56 
79-43 

100- oo"! 
100 -ooJ 

100-00 

0-57 
0-42 

Average  of  3  samples 

27-70 

72-30 

100-00 

0-52 

50 

48° 

64° 

44° 
43° 
63° 

Edinbm-gh  Sewers,  Lochrin  Bum,~j 
above  Coltbridge,  collected  on  > 
19th  Mai-ch  1864  at  11 . 12  a.m.  - ; 

Edinbm-gh  Sewers,  Lochrin  Burn,-] 
above  Coltbridge,  collected  on  ] 
22d  March  1864  at  3.55  p.m.  -J 

Edinburgh  Sewers,  Lochrin  Burn,"- 
above  Coltbridge,  collected  on  , 
20th  May  1864  at  1  p.m.     -  -J 

14-52 
17-20 
19-32 

85-48 
82-80 
80-68 

100-00^ 
100-00, 
100-00 

0-77 
0-58 

Average  of  3  samples 

17-02 

82-98 

100-00 

0-71 

47j 

65° 

45° 
57° 

Edinbiu-gh  Sewers,  Bulls  Stanlc" 
at  Lovers  Loan,  collected  on  21st 
March  1864  at  6.10  p.m.     -  -J 

Edinburgh   Sewers,  Broughton> 
Burn,  at  Bennington  Road,  col- 
lected on  9th  April  1864  at 

•  50-72 
■  20-52 

49-28 
79-48 

lOO-OO 
100-00 

0-76 
0-82 

43 


Table  H. 

Liquids  collected  from  the  Watei'  of  Leith  above  Coltbridge. 


Tomperatiu'e. 


Air. 


Liquid. 


Place  and 
Time  of  Collection. 


In  solution. 


c8 

a)  .3 
CO 


.S.3 

u 

CD 

^  M  to 


In  suspension. 


o 


.a  .a 


One  imperial 
gallon  contains 

in  solution 
and  suspension. 


£=•" 


3 


Pahr. 
U° 
46° 
47° 
47° 
47° 
47° 
47° 
47° 
47° 
61° 


Pahr. 

35° 

35° 
41° 
41° 
41° 
41° 
41° 
41° 
41° 
42° 
52° 


48° 

42° 

47° 
50° 

4^° 
4i2° 

47'? 
48° 

41° 

43° 

50° 

48° 

50° 

43° 

47° 

41° 

44° 

41° 

44° 

41° 

45° 

42° 

44° 

41° 

49° 

43° 

48° 

43° 

44° 

40° 

56° 

54° 

64° 

60° 

62° 

58° 

54° 

57° 
55° 

53° 

52° 

56° 

51° 

54° 

62° 

53° 

Harelaw  Eeservoir  on  24th') 
Ma  rch  1864  at  11 . 4  a.m .     -  J 

Bavelaw  Bum  above  "Works,  S 
on  2-itli  March  1864  at  }• 
11.22  a.m.      -       -  -) 

Bavelaw  Burn,  below  Hill's  ~) 
Mill,  on  24th  March  1864  at  [ 
12.30  p.m.      -       -  -J 

"Water  of  Leith  above  Balemo ") 
Bridge,  on  24th  March  1864  >• 
at  12.35  p.m.      -      -  -) 

"Water  of  Leith  above  Kin-S 
leith  Mill,  on  24th  March  S 
1864  at  1.10  p.m.      -  -J 

"Water  of  Leith  below  Kin-") 
leith  Mill,  on  24th  March  >• 
1864  at  1.45  p.m.      -  -) 

"Water  of  Leith  above  Kates. 
mUl,  on  24th  March  1864  at 
2.30  p.m. 

"Water  of  Leith  below  Kates 
mill,  on  24th  March  1864  at 
2.45  p.m 

"Water  of  Leith  below  KateS' 
mill,  on  24th  March  1864  at 
2.45  p.m 

"Water  of  Leith  at  GorgieS 
Pam,  on  24th  March  1864  at  > 
3.40  p.m.      .        .  .) 

"Water  of  Leilh  at  Gorgie") 
Dam,  on  27th  May  1864  at 
12.45  p.m. 

"Water  of  Leith 
immediately  above  Coltbridge 

17th  March  1864  at  2.]8  p.m 
18th 


It  S 


it  V 


19th 

21st 

22d 

23d 

23d 

24th 

26th  „ 

28th 

29th 

30th 

31st 

1st  April  1804 

2nd 

7th 

20th  May  18G4 
25th 

26th  „ 
27th  „ 
27th  „ 
27th  „ 
27th  ,. 


12.20  p.m. 
11.20  a.m. 
4.57  p.m. 
4.1  p.m. 
1.35  p.m. 
1.40  p.m. 
4.0  p.m. 
11.10  a.m. 
5.15  p.m. 
1.55  p.m. 
7.45  a.m. 
1.55  p.m. 
2.22  p.m. 
10.10  a.m. 
1.45  p.m. 
1.10  p.m. 
6.45  p.m. 
9.40  p.m 
12 '40  a.m. 
2.50  a.m. 
4.49  a.m. 
1.0  p.m. 


Average  of  23  samples 


3-  88 

4-  60 

5-  60 
8-80 

7-  04 

8-  08 

9-  60 

16-  80 

17-  92 
10-40 
13-28 


3-70  11-36 


12-82 

12-  48 
9-60 

13-  76 

12-  20 

14-  40 
11-66 

11-  36 

13-  12 
10-08 
16-00 

15-  60 

16-  64 

14-  24 

12-  80 

13-  60 

15-  04 

16-  32 


6-  20 

7-  20 

8-  20 
10-44 
10-40 

12-  40 

13-  60 

24-  00 

25-  92 

14-  76 
17-04 


3-34 


18-06 


15-00 
15-04 

13-  56 

17-  72 
15-20 

18-  08 
15-02 

14-  56 

15-  36 
11-88 

19-  32 

19-  20 

20-  04 

18-  04 
15-36 
17-44 

19-  20 
19-60 


12-96 


16-30 


0-  24 

1-  16 

1-83 
0-36 

0-  96 

1-  12 
1-76 
1-28 

1-  33 

2-  84 
0-76 


2-56 


2-64 
2-12 
2-40 

1-  28 

2-  88 
1-28 

1-  60 
0-48 

0-  80 

2-  20 
2-00 

1-  28 

0-  98 

1-  60 
1-28 
0-96 
0-48 
0-80 


2-72 
1-72 

1-  12 

2-  72 

2-  02 

3-  36 

4-  80 
2-64 

2-  72 

3-  52 
0-51 


3-52 


3-04 
3-04 
3-52 
3-52 
2-72 

2-  72 

3-  20 

1-  12 

2-  72 

3-  20 
3-00 
1-12 
0-36 
0-80 
0-32 
0-32 
0-32 
0-80 


1-73 


2-32 


2-96 
2-88 

2-  95 

3-  08 

2-  98 

4-  48 
6-56 

3-  92 

4-  05 
6-38 
1-27 


6-08 


6-68 
5-16 
5-92 

4-  80 

5-  60 
4-00 

4-  80 

1-  60 
3-52 

5-  40 
5-00 

2-  40 

1-  34 

2-  40 
1-60 
1-28 

0-  80 

1-  60 


4-05 


2-  56 

3-  76 

4-  43 
2-00 

4-  32 

5-  44 
5-76 

8-  48 

9-  33 
7-20 
4-52 


6-60 
6-32 

6-72 
11-52 

9-06 
11-44 
14-40 

19-  44 

20-  64 
13-92 
13-79 


6-26  14-88 


5-  32 

4-  68 

6-  36 

5-  24 
5-88 
4-96 
4-96 
3-68 

3-  04 

4-  00 

5-  32 
4-88 

4-  38 

5-  40 

3-  84 

4-  80 
4-64 
4-08 


15-36 
15-52 

13-  12 
17-28 

14-  92 
17-12 

14-  86 

12-  48 

15-  84 

13-  28 
19-00 

16-  72 

17-  00 
15-01 
13-12 
13-92 
15-36 
17-12 


9-16 

10-  0§ 

11-  15 
13-52 
13-38 
16-88 

20-  16 
27-92 
29-97 

21-  12  - 
18-31 


6-07  15-28 


21-14 


20-20 

19-  48 
22-62 

20-  80 
22-08 

19-  82 

16-  16 
18-88 

17-  28 
24-32 

21-  60 
21-38 

20-  44 
16-96 

18-  72 

20-  00 

21-  20 


20-36 


44 


Table  I. 

Liquids  collected  from  the  Water  of  Leith  from  Coltbridge  down  to  dam  below  Water 

of  Leith  Village. 


Temperature. 

In  solution. 

In  suspciuion. 

One  imperial 
gallon  contains 
in  solution 

and  suspension. 

Air. 

Liquid. 

Place  and 
Time  of  Collection. 

Orfianicmatter 
in  grains. 

u 

a> 

, 

s 

.2 

Total  matter 
in  solution  in 
grains. 

OJ 
•.J 

Is 

o 

u 

Q> 
4J 

S.S 
•3.S 

w 

Total  matter 
in  suspension 
in  grains. 

§  2 

0 

Saline  and 
earthy  matter 
in  grains. 

Grand  total 
matter  in 
j  grahis. 



Talir. 
C2° 

Pahr. 

58° 

Water  of  Leith  at  dam  below 
Dav.      Coltbridge.  p^^,,. 
25th  May  1S04  at    7.0  p.m. 

G-40 

16 '80 

23-20 

2-96 

1*32 

4-28 

9  06 

18-12 

27-48 

Water  of  Leith  at  dam  above 
Water  of  Leith  village. 

50° 

43° 

23d  March  18C4  at  2  35  p.m. 

4-32 

12 '48 

16-80 

4-64 

2-88 

7-E2 

8-96 

15-30 

24-32 

66° 

54° 

7th  April  ISGt     „    2.20  p.m. 

4-88 

11*20 

16-08 

6-54 

3-20 

9-74 

11-42 

14-40 

25-82 

Average  of  2  samples 

4-60 

11-84 

16-44 

5-59 

3-04 

8-63 

10-19 

14-88 

25-07 

Water  of  Leith  at  dam  below 

VV  ctLUI  Ul  JJI^lulL  Vllitlt)^* 

44° 

42° 

2d  April  1864    at  10.30  a.m. 

4-64 

14-56 

19-20 

14-40 

4-32 

18-72 

19-01 

18-88 

37-92 

56° 

54° 

7th      „           „     2.10  p.m. 

4-4S 

11-20 

15-08 

4-00 

1-12 

5-12 

8-48 

12-32 

20-80 

64° 

61° 

20th  May  1864    „     1 . 52  p.m. 

6-40 

15-20 

21-60 

3-20 

2-21 

5-44 

9-CO 

17-44 

27-Oi 

54° 

66° 

2ntu                         y.oo  p.m. 

6-08 

17-60 

23-68 

2-40 

0-48 

2-88 

8-48 

18-08 

26-58 

63° 

65° 

27th      „          „     1.0  a.m. 

4-64 

15-52 

20-16 

3-68 

1-12 

4-80 

8-32 

16-64 

24-96 

52° 

54° 

27th      „          „     3.5  a.m. 

5-60 

13-00 

19-20 

2-08 

0-80 

2-88 

7-68 

14-40 

22-08 

61° 

54° 

27th      „          „     5.5  a.m. 

5-40 

15-36 

20-7G 

1-64 

0-38 

2-02 

7-04 

15-74 

22-78 

64° 

53° 

27th      „          „     1.35  p.m. 

5-68 

16-40 

22-08 

2-80 

0-60 

3-40 

8-48 

17-00 

25-48 

Average  of  8  samples 

5-36 

14-93 

20-29 

4-27 

1-38 

5-65 

9-63 

16-31 

25-94 

Table  K.  • 

Liquids  coUected  from  the  Water  of  Leith  from  the  dam  below  Water  of  Leith  Village 
(where  Edinburgh  Lade  begins)  to  St.  Mai-k's  Place  (where  Edmburgh  Lade 
again  joins  the  stream).  


Temperature. 


Aur. 


Liquid. 


Plaee  and 
Time  of  Collection. 


In  solution. 


SCO 
a 

C  '-' 


S.5 

a  i« 


C3  O 


In  suspension. 


Be 
.2-3 
§  to 

o 


1  S 


One  imperial 
gallon  contains 

in  solution 
and  suspension. 


a; 

o 


.£■£  to 


Pahr. 

62° 

54° 
53° 
E2° 
•51° 
64° 


Pahr. 

58° 

56° 
55° 
54° 
54° 
53° 


Water  of  Leith  under  Dean 


Day.  . 

25th  May  1864  at 

26th  „  >. 

27th  „ 

27th  „  » 

27th 

27th  „  „ 


Hour. 
0.25  p.m. 

10.0  p.m. 

1.5  a.m. 

3.10  a.m. 

5.10  a.m. 

1.40  p.m. 


Average  of  6  samples 


14-40 

14-24 

28-64 

3-08 

1-12 

4-20 

17-48 

15-36 

32-81 

7-52 

14-56 

22-08 

2-96 

0-04 

3-60 

10-48 

16-20 

25- 6S 

5-20 

19-20 

24-40 

2-40 

0-80 

8-20 

7-60 

20-00 

27-60 

5-36 

15-60 

20-96 

2-96 

0-64 

3-60 

8-32 

16-24 

24-56 

4-80 

14-80 

19-60 

2-36 

0-46 

2-82 

7-16 

15-26 

22-42 

7-08 

16-00 

23-08 

2-80 

0-60 

3-80 

y-88 

16-50 

36-38 

7-39 

15-73 

23-12 

2-76 

0-09 

3-45 

10-15 

10-42 

26-57 
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Table  K. — continued. 

Liquids  collected  from  the  Water  of  Leith  from  the  dam  below  Water  ofLeith  Tillage 
(where  Edinburgh  Lade  begins)  to  St.  Mark's  Place  (where  Edinburgh  Lade 


"O   . 

Temperature. 

In  solution. 

In  suspension. 

One  imperial 
gallon  contains 

in  solution 
and  suspension. 

Air. 

Liquid. 

Place  and 
Time  of  Collection. 

u 

o 

h 

.2-3 

o 

u 

■e  . 

s  s 

'3 

cd  o 
S'-C!  . 

C3  ">  CS 

o.g  5c 
Eh 

u 

-.^ 

is 

.S'S 

i  M 

o 

Li 

O) 

43  , 

s  s 

£?S 

53  id 
!3  c 

pq 

-2.° 

S  ?, 

Vi  d 

u 

<a 

^  a 
0 

ri  >- 

u 

B-g  id 

0 

-fa 

Water  of  leith  behind  Moray 
Place,  near  St.  Bernard's  Well. 

Fahr. 

62° 

Fahr. 

58° 

Day. 

25th  May  1864 

Hour, 
at    6.10  p.m. 

11  "68 

18-40 

30-08 

3-43 

0-82 

4-30 

10  lu 

o'k  00 

51° 

56° 

26th  „ 

„  10.10  p.m. 

7"60 

15-20 

22-80 

2-86 

0'64 

3-50 

10-46 

15 '84 

26-30 

53° 

55° 

27th  „ 

„    1.20  a.m. 

0-40 

19-20 

23-60 

2-76 

0-64 

3-40 

9-I6 

19-84 

29*00 

52° 

54° 

27th  „ 

„    3.20  a.m. 

5-48 

16-80 

22-28 

2-12 

0-48 

2-60 

7-6O 

17-28 

24-83 

51° 

54° 

27th 

„    5.10  a.m. 

3'5a 

14-40 

17-92 

1-96 

0-50 

2-52 

5-48 

14-96 

20-44 

64° 

53° 

27th 

,,    1.50  p.m. 

6-48 

11-52 

18-00 

3-32 

1-06 

4-38 

9- 80 

12-58. 

22-38 

Average  of  6  samples 

0-80 

15-08 

21-94 

2-75 

0-70 

3-45 

9-61 

15-78 

25-39 

Water  of  Leith  immediately 
above  Stockbridge. 

64° 

58° 

25th  May  1864 

at   10.55  a.m. 

13-60 

16-80 

30-40 

3-13 

0-60 

3-72 

16-72 

17-40 

34-12 

54° 

55° 

26th  „ 

„    10.27  p.m. 

6'40 

14-40 

20-80 

2-80 

0-76 

3-56 

9-20 

15-16 

24-36 

53° 

55° 

27th 

J,     1.34  a.m. 

6-00 

18-66 

24-66 

2-92 

0-46 

3-40 

8-92 

19-04 

27-96 

52° 

54° 

27th  „ 

„     3.30  a.m. 

5'80 

17-60 

23-40 

1-96 

0-64 

2-60 

7-76 

18-24 

26-00 

51° 

54 

27th  „ 

„     5.2S  a.m. 

6'40 

14-40 

20-80 

1-84 

0-42 

2-26 

8-24 

14-82 

23-08 

63° 

52° 

27th  „ 

2.6  p.m. 

6-00 

15-20 

21-20 

2-64 

0-00 

3-24 

8-64 

15-80 

24*44 

Average  of  6 

samples 

7-36 

16-16 

23-52 , 

2-55 

0-58 

3-13 

9-91 

16-74 

26-65 

Water  of  Leith  30  yards  below 
Stockbridge. 

64° 

56° 

25th  May  1864 

at  10.45  a.m. 

13-76 

14-40 

28-16 

41-12 

5-73 

46-84 

64-88 

20-12 

75*00 

64° 

56° 

25th  „ 

),    10.45  a.m. 

16  "00 

16-00 

33-00 

32-88 

4-92 

37 -SO 

48-88 

20-92- 

69*80 

62° 

55° 

25th 

„     6.40  p.m. 

10-40 

20-96 

31-36 

11-44 

1-12 

12-66 

21-84 

22-08 

43*92 

54° 

53° 

26th  „ 

„    10.30  p.m. 

0-76 

15-36 

22-12 

4-48 

3-24 

7-72 

11-24 

18-60 

29*84 

53° 

54° 

27th  „ 

,1     1.36  a.m. 

7-20 

14-12 

21-32 

4-64 

1-16 

5-8O 

11-84 

15-28 

27*12 

52° 

53° 

27th  „ 

»     3.33  a.m. 

5-44 

14-80 

20-24 

4-80 

0-83 

5-63 

10-24 

15-63 

25*87 

51° 

53° 

27th  „ 

),     5.30  a.m. 

5-00 

13-28 

18-28 

3-28 

2-32 

5-60 

8-28 

15 -CO 

23*83 

63° 

62° 

27th 

ji     2.8  p.m. 

6-96 

13-60 

20-50 

12-64 

1-32 

13-96 

19-60 

14-92 

34*52 

59° 

62° 

28th  „ 

ji     5.45  p.m. 

8-80 

16-00 

24-80 

12-88 

1-92 

14-80 

21-68 

17-92 

39*60 

Average  of  9  samples 

8-92 

15-40 

24-32 

14-24 

2-50 

16-74 

23-16 

17-90 

41*06 

Water  of  Leith  behind 
Warriston  Crescent. 

62° 

60° 

23th  May  1864 

at  5.10  p.m. 

7-01 

26-60 

32-04 

10-08 

3-52 

14-20 

17-72 

29-12 

•16-84 

46 


Table  L. 

Liquids  collected  from  the  Edinburgh  Lade  flowing  from  tlie  Dam  below  Water  of 

Leith  Village  to  St.  Mark's  Place. 


Temperature. 

111  solution. 

In  suspension. 

One  imperial 
(rallon  contains 

ill  solution 
and  sus])ension. 

■  Air. 

Liquid. 

Place  and 
Time  of  Collection. 

^.S 

O  o3 

o 

a 

as 
.as 

za 

.s  .s 

111 

E-( 

u 

"S  . 

a  s 

•2  2 

S  S) 

1.2 
o 

4a 

4a  _ 

.s.s 

■S2  . 

n  r,  <" 

EH 

u 

4a 

rt  • 

o" 

-d  ^- 

SS 
rt  . 

B  52 

«  ^-^ 

CO 

t 

^  CO 

T"ahr. 

C-i" 
54° 
63° 
62° 
51° 
63° 

Fahr. 

61° 
56° 
65° 
54° 
54° 
53° 

Water  of  Leith  Lade  behind 
India  Place. 

Day.  Hour. 
20th  May  1864    at  2.30  p.m. 
26th      „            „  10.12  p.m. 
i/tii                 ji    j-.zo  a.iu. 
27th      „            „    3.25  a.iii. 
27th                   „    5.22  a.m. 

7-36 
7-20 
4-80 

4-  96 

5-  60 

6-  40 

15-  44 

16-  20 
15-80 
20-00 
18-80 
10-60 

22-  80 

23-  40 
20-60 

24-  90 
24-40 
23-00 

3-68 
2-44 
2-72 
2-28 
2-56 
8-36 

2-52 
0-96 
0-48 
0-32 

0-  64 

1-  44 

0-20 
3 -4-0 
8-20 

2-  60 

3-  20 

4-  80 

11-04 
9-61 
7-62 

7-  24 

8-  16 

9-  76 

17-96 

17-  16 
16-28 
20-32 
19-44 

18-  04 

29-00 
20-80 
23-80 
27-50 
27-60 
27-80 

Average  of  6  samples  - 

6-05 

17-14 

23-19 

2-84 

1-06 

3-90 

8-89 

18-20 

27-09 

64° 
64° 

60° 
61° 

Water  of  Leith  Lade  below 
Beaver  Hall. 

25th  May  1864    at  4.35  p.m. 
27th      „            „    2.35  p.m. 

12-00 
8-40 

18-40 
16-16 

30-40 
24-56 

3-64 
8-40 

1-92 

0-80 

5-56 
9-20 

15-  64 

16-  80 

20-32 
16-96 

85-96 
33-76 

Average  of  2  sampler  - 

10-20 

17-28 

1  27-48 

6-02 

1-36 

7 -38 

16-22 

18-64 

34-86 

Table  M. 

Liquids  collected  from  the  Water  of  Leilh  at  St.  Mark's  Place  after  junction  with 

the  Edinburgh  Lade. 


Temperature. 

Place  and 
Time  of  Collection.  . 

III  solution. 

In  suspension. 

One  imperial 
gallon  contains 

in  solution 
and  suspension. 

Air. 

Liquid. 

o 

4a 

. 

as 

Ca  _. 

O 

.g 

o 

1  . 

ag 

m 

.3.3 

u 
o 

1« 

c  2  "j 

ja  O  b, 
EH 

u 

4a 
4a 

a§ 

60  Cl. 

O 

u 

(D 
4a 

. 

a  g 

^  to 

1.S 

.3.3 

m 

EH 

u 

4a 

as 

to  S 

O 

ri  u  1 

H . 

as  1 

CO 

S  m 

a.s 
-as 
■g^ 
S-S 

o 

Fahr. 

50° 
48° 
48° 
44° 

■  40° 
44° 
45° 
44° 
49° 
48° 
44° 
61° 

■  64° 
64° 
53° 
52° 
61° 
62° 

Pahr. 

43° 
'44° 
44° 
4-1° 
45° 
42° 
43° 
42° 
46° 
46° 
43° 
02° 
00° 
53° 
54° 
53° 
53° 
52° 

St.  Mark's  Place  below  junc- 
tion of  Lade. 

Day.  How. 
17th  M!u-ch  1864  at   3.3  p.m. 
22d         „          „    5.2  p.m. 
22d         „         ,,    5.12  p.m. 
23d         „         „    4.5  p.m. 
26th        „          „  11.40  a.m. 
28th        „       ■  „    5.50  p.m. 
29th        „         „    1.15  p.m. 
30th        „         „    8.25  a.m. 
31st        „              2.30  p.m. 
1st  April  1861      „    3  p.m. 
2d        „             ..  12.8  p.m. 
20th  May  1864     „    2.55  p.m. 
onth                        4. '15  p.m. 

26th  ;:     :;  im-rr^- 

27th      „                1 -'49  a.m. 
27th      „            „    3-46  a.m. 
27th      „            „    5.50  a,m. 
27th      ,.           „    2.30  p.m. 

Average  of  18  samples  - 

^3-52 

3-20 
7-20 

7-  52 
6-72 
9-76 
9-60 
6 -'10 

11-60 
9-36 

8-  80 
21 -'M 

0-08 

6-  00 

7-  60 
0-40 

8-  32 

9-  76 

15-  52 
14-72 
14-72 
11-52 

16-  00 
14-50 
10-40 
16-96 

14-  72 
16-00 

18-  00 

19-  20 

10-  80 
10-80 
13-60 

15-  20 

13-28 

18-72 

21-  93 

22 -  2'! 
18-24 
25-76 
21-16 
16-80 
28-56 

21-  08 
2-1-80 
39 -'41 
25-88 

22-  80 
21-40 
20-00 

23-  52 

5-  28 

4-  80 

6-  88 
11-63 

5-  28 
14-40 

3-  12 

4-  10 
41 -"IS 
23-28 
26-88 

143-36 
4-92 
4-76 
3-20 

6-  41 
18-24 

8-62 

.8-00 
5-12 
5-12 

5-  92 

6-  92 
2-00 
.5-12 
14-72 
29-92 
29-12 

U5-12 
2-'18 

2-  33 
1-80 
1-96 

3-  10 

8-80 

12.- 80 
12-00 
16.-80 
11-20 
20.-32 
5-12 
9.-28 
56-20 
63-20 
56-00 
288 -'18 
7-40 
7-08 
5-00 
7- '10 
21-40 

8-80 

8-00 
14-08 
19-20 
12-00 
24-16 
12-73 

10-  56 
63-08 
32-61 
35-68 

161-80 

11-  60 
10-76 

10-  80 

11-  84 
26-60 

13 -2S 

23-52 
19-84 
19-81 

17-  14 
21-92 
16-56 
15 -53 
31-68 
41-61 
45-13 

163-13 
21-68 
19-12 

18-  60 
15-66 
18-36 

22 -OS 

31-52 
33-92 
39-01 

39 -  '41 

40-  08 
29  ••28 

26-  08 
84-76 
77-28 
80-80 

337 -92 
33-28 
29-88 
29 --lO 

27-  10 
44-92 

7-98 

14-08 

22-06 

18-17 

15-27 

33-73 

26 --15 

29-95 

56-39 
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.    Table  N, 

Liquids  collected  from  the  Water  of  Leith  from  St.  Mark's  Place  down  to  the 

Harbour  of  Leith. 


Temporatiu'c 

In  solution. 

In  suspension. 

One  imperial 
gallon  contains 

in  solution 
and  suspension. 

Air. 

Liquid 

Place  and 
Time  of  Collection. 

Organic  matter 
in  grains. 

Saline  matter  in 
grains. 

Total  matter  in 
solution  in 
gi-ains. 

Organic  matter 
in  grains. 

Earthy  matter 
in  grains. 

Total  matter  in 
suspension  in 
grains. 

Organic  matter 
in  grains. 

Saline  and 
earthy  matter 
in  (Trains. 

Grand  total  mat- 
ter in  grains. 

Pahr. 

Fahr. 
Cl° 

"Water  of  Leith  from  Dam 
above  Bonnmgton. 

Day.  Horn-. 

25th  May  1864     at  4.15  p.m. 

"Water  of  Leith  at  Boundary 

of  Edinburgh  ar:d 
Leith  at  Bouniugton  Bridge. 

25th  May  1864     at  3.45  p.m. 

Water  of  Leith  from  Dam 
above  J uuction  Road  Bridge. 

25th  May  1864     at  3  p.m. 

Water  of  Leith  above 
Saw-mills, 

19th  March  18G4  at  8.22  a.m. 

Water  of  Leith  below 
Jvmction  Road  Bridge  and  off 
Bulls  Stank  Sewer. 

17th  March  1864  at  4.10  p.m. 
25th  May  .1864     „    1  p.m. 

12-80 

17-80 

30-00 

115-08 

153-12 

208-80 

128-48 

170-92 

299-40 

G2° 

10-24 

17-00 

27-84 

30-88 

33-12 

64-00 

41-12 

50-72 

91-84 

64° 

61° 

10-90 

21-92 

38-88 

500-96 

369-12 

870-08 

517-92 

391-04 

908-96 

1 

30° 

40° 

4-32 

10-08 

14*40 

5-20 

8-52 

8-72 

9*52 

1  ^  'fin 

23*12 

■iy 
64° 

44 
01° 

4-83 
14-04 

12-82 
24-32 

10-04 
38-36 

3-  36 

4-  08 

4-04 
1-92 

8-00 
6-00 

7-08 
18-12 

10-96 
20-24 

24-04- 
44-30 

Average  of  2  samples  - 

Water  of  Leith  above 
Coal  Hill. 

18th  March  1864  at  5.13  p.m. 
21st         „        „    5.45  p.m. 
29tli        .,        „  12.55  p.m. 

9-18 

18-32 

27-50 

3-72 

3-28 

7-00 

12-90 

21-60 

34-50 

45° 
46° 
45° 

43° 
43° 
44° 

|8-04 
9-76 

76-00 
44-80 

84-04 
54-56 

10-88 
21-12 

6-92 
5-92 

16-80 
27-04 

19-52 

30-88 

81-92 
50-72 

101-44 
81*60 

Average  of  8  samples  - 

"Water  of  Leith 
from  off  Coal  Hill  Sewer. 

23d  March  1864  at  6.35  p.m. 

Water  of  Leith  from  harbour  " 

at  Upper  Drawbridge. 
26th  May  1864   at  11p.m. 

Water  of  TypitTi 

9-01 

65-00 

74-01 

14-29 

5-92 

20-21 

23-30 

71-52 

94*82 

42° 

42-^ 

35-20  J 

70-08  S 

!05-28 

8-32 

G-72 

15-04 

43-52 

17G-80  ; 

220*32 

54'" 

56° 

1 

27-30  1 

67-76  ] 

85-13 

4-10 

3-84 

8-00 

31-52  ] 

01-00  ] 

93-12 

•2° 

42° 

below  Upper  Drawbridge. 
25th  March  1804  at  6.45  p.m. 

Water  of  Leith  in  harboiu-  off 

31-84  6 

09-60  6 

41-44 

10-72 

10-40 

21-12 

42-56  e 

20-00  6 

62-66 

.4° 

52° 

Victoria  Dock  Head. 
25th  May  1804    at  12.20  pm 
Low  Water. 

3-92  1 

208-80  1 

212-72 

1-32 

1-12 

2-41 

5-24  1 

209-921 

215 -16 

48 


Table  0. 

Sedimentary  Matters  collected  from  the  Bed  of  the  Water  of  Leith, 
and  from  the  Bottom  of  the  Edinbursh  Lade. 


Dried  at  212°  Fahr. 


Temperature. 

Place  and 

Per-centage  composition. 

Air.  I 

SGCiiniGnii. 

Time  or  Collection. 

Organic 
matter. 

Earthy 
matter. 

j.oiiai. 

Nitrogen. 

Fahr. 

50° 

41° 
61° 
64° 

Fahr. 

43° 

42° 
61° 
Gl° 

Bod  of  "Water  of  Leith. 

ITndernoath  dam  below  Water  of") 
Leith  Village,  collected  on  23d  > 
March  1864  at  2.10  p.m.  -• 

From  dam  below  Water  of  LeitliS 
Villajre,  collected  on  2d  April  1864  > 
at  10.40  a.m.      -      -      '    .  -J 

From  dam  below  Water  of  Leitli^ 
Village,  collected  on  20th  May  1864  >■ 
at  1.32  p.m.      -      -       -    .  -) 

Bolow  Dean  Bridge,  collected  on  > 
20th  May  1864  at  1 . 40  p.m.  -) 

82'12 

35'33 

35-72 
39-32 

17-88 

64-68 

01-28 
60-68 

l00•00"^ 
100- oo3 

100-00 
100-00 

2-01 

1-12 
1-31 

Average  of  4  samples 

48-12 

51-88 

100-00 

1-63 

44° 
(54° 

42° 
61° 

Bekind  Ainslie  and  Moray  Place,') 
collected  on  2d  April  1864  at  11.25  ^ 
a.m.  .-...) 

Behind  Ainslie  and  Moray  Place,") 
collected  on  20th  May  1861  at  J- 
2  p.m.      -      .      -        .  •) 

49-72 
40-12 

50-28 
59-88 

100- 00"^ 

ioo-oo3 

0-98 

Average  of  2  samples 

44-92 

55-08 

100-00 

0-98 

45° 
50° 
48° 
48° 

48° 

45 

48 

44° 

43° 
46° 
44° 
45° 
45° 

41° 
45° 

Sediment  lying  in  bed  of  Water  of~) 
Leith,  4  to  6  yards  below  North  ( 
Sewer  at  Stocli'bridge,  collected  on  f 
18th  March  1861  at  12.55  p.m.  -J 

Sediment  lying  in  bed  of  Water  of^ 
Leith,  4  to  6  yards  below  North  ( 
Sewer  at  Stockbridge,  collected  on  f 
19th  March  at  11.40  a.m.     -  -J 

Sediment  lying  in  bed  of  Water  of") 
Leith,  4  to  6  yards  below  North  ( 
Sewer  at  Stockbridge,  collected  on  f 
2l5t  March  1861  at  5.20  p.m.  -J 

Sediment  lying  in  bed  of  Water  oV) 
Leith,  4  to  6  yards  below  North  ( 
Sewer  at  Stockbridge,  collected  on  f 
22d  March  1S61  at  4.35  p.m.  -J 

Sediment  lying  in  bed  of  Water  of) 
Leith,  below  South  Sewer  at  Stock-  ( 
bridge,  collected  on  22d  March  f 
1S61  at  4.45  p.m.       "  „  „"  '/ 

Sediment  lying  in  bed  of  Water  «f-) 
Leith,  below  North  and  South  f 
Sewers  at  Stockbridge,  collected  C 
on  23d  March  1864  at  3.35  p.m.  -J 

Sediment  l.ring  in  bed  of  Water  of-) 
Leith  below  North  and  South  f 
Sewers  at  Stockbridge,  collected  C 
on  1st  April  1864  at  2.45  p.m. 

Sediment  lying  in  bed  of  Water  of") 
Leith  below  North  and  South  ( 
Sewers  at  Stockbridge,  collecteU  1 
on  2d  April  1861  at  11 .45  a.m. 

Average  of  8  samples 

Sides  of  narrowed  channel  of  Water") 
of  Leith  at  Stockbridge  below  ( 
sewers,  coHc6tcd  on  20lh  May  1801 
at  2.40  p.m.     -      -       ■  '-^ 

Eighty  yards  l^clow  Stockbridge, "j 
collcctbd  on  25th  May  1881  at 

Bel'ifnd^flMtn'  Terrace,  collected  on" 
25th  May  1301  at  5.30  p.m.  -J 

41-52 

23-92 

48-32 

60-52 

37-12 

28-56 

54-50 

48-80 

58-48 

76-08 

51-68 

33-48 

62-88 

71-44 

45-44 

51-20 

100-00"" 
100-00 
100-00 
100-00 
100-00 
100-00 
100-00 
100-00, 

1-U 

43-07 

56-33 

100-00 

1-11 

04° 

61° 

31-52 

C5-4S 

100-00 

0-50 

C2° 

ca° 

59° 
59° 

25-12 
32-52 

74-88 
07 -'IS 

100-00-^ 
100-00 

•  j  1-os 

1 

; 
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Table  0. — continued. 

Sedimentary  Matters  collected  from  the  Bed  of  the  Water  of  Leith, 
aud  from  the  Bottom-of  the  Edinburgh  Lade. 


Dried  at  212°  Fahr, 


Temperature. 

Place  aud 

Per-contage  composition. 

Air, 

jsodimen 

Time  of  Collection, 

Organi 
mattei 

c  Eartlij 
.  mattei 

Total. 

Nitrogen. 

Fahr. 

50° 

Fahr. 

45° 

Bed  of  Water  of  Leith— row;. 

Sediment  in  bed  ofWator  of  Leith- 
in  front  of  sewer  at  Canonmills,  ( 
collected  on  ISth  March  1864  at  \ 
1.5  p.m.        -         -  • 

Behind  AVarriston  Crescent,  col-") 

looted  on  25th  May  18G4  at  5.10  > 

p.m.  ) 

At  St.  Mark's  Place,  collected  on  22d  > 

March  1S64  at  5.12  p.m.  -  -i 
At  St.  Mark's  Place,  collected  on  23d  > 

Mardil8r;i.at4.5p.m.  -  -j 
At  St.  Mark's  Place,  collected  on  2d  ) 

April  1864  at  12.10  p.m.  -  -J 
At  St.  Mark's  Place,  collected  on  9th  ^ 

April  1804  at  3.45  p.m.  -  -  j 
At  St.  Mark's  Place,  collected  on") 

2i)th  May  JSG4  at  2.55  p.m.  -  -j 
At  St.  Mark's  Place,  collected  on") 

25lh  M.ny  1864  at  4.50  p.m.  -J 
At  St.  Mark's  Place,  collected  on") 

27tli  May  18(i4at  ^..^iS  p.m.  -  -j 
At  ,St.  Mark's  Place,  collected  on  25th  "> 

May  1864  (green  matter)  at  5  p.m.  J 

81-72 

08-28 

100-00 

0-57 

C2° 

48° 
44° 
44° 
C2° 
64° 
62° 
54° 
C2° 

60° 

44° 
44° 
43° 
50° 
62° 
60° 
53° 
60° 

13'32 

40  "72 
41-24 

40-52 
40 '52 
30-92 
4-4  70 
48-12 

80-68 

59-28 

58-  76 
,  75-60 

59-  48 
59-48 
09-08 
55-30 
51-88 

100 "00 

100-00" 
100-00 

> 

100-00 
100- 00 J 
100 -oo~ 
100-00 
100-00 
100-00^ 

O'Bb 
1-14 

1-08 

Average  of  9  samples 

30*05 

63-95 

100-00 

1-OS 

64° 

61° 

At  dam  ahove  Bennington,  collected  ) 
on  2r)th  May  1S04  at  4.15  p.m.      -  j 

49-72 

50-28 

100-00 

1-40 

64° 

62° 

At  Boundary  of  Bdinburgli  and•^ 
Leith  at  Bennington  Bridge,  col- 1 
lected  on  25th  May  1864  at  3.45  f 
P-m  0 

26-92 

73-08 

100-00 

0-70 

C4° 

61° 

Immediately  below  the  junction  of") 
the  Bronghton  Burn,  collected  on  >• 
9th  April  1864  at  12.5  p.m.  -j 

13-72 

86-28 

100-00 

0-52 

64° 

61° 

Dam  above  Junction  Road  Bridge  ") 
collected  on  25th  May  186'i.  at  3,5 
P-m  .) 

27-72 

72-28 

100-00 

0-70 

44° 
44° 
61° 
B0° 
C6° 
64° 
44° 

42° 
42° 
61° 
43° 
42° 
61° 
42° 

Water  of  Leith  Lade 
which  traverses  Ediubiu  gh. 

Mud  taken  from  lade  behind  Ainslio^ 
Plaee,  collected  on  2d  April  1864  > 
at  10.45  a.m.     .      .      .  .J 

Mud  taken  from  lade  behind  Moray^ 
Place,  collected  on  2d  April  1804  l 
at  11.0  a.m.     -      .       .  .) 

Mud  taken  from  lade  behind  Moray-) 
o?.,            Places,  collected  oii  >• 
20th  May  18C4  at  2.10  p.m.  J 
Til             "in  laae  oeinncl  Indian 
Place,  collected  on  23d  March  1864  > 
at  3.20  p.m.      ...  .J 

Mud  taken  from  lade  behind  India") 
Place,  collected  on  7th  April  1864  V 
at  3.15  p.m.      ...  .j 

Mud  taken  from  lade  behind  India") 
Place,  collected  on  20th  May  1864  )■ 
at  2.25  p.m.      .      .      .  .J 

Mud  taken  from  lade  above  Canon"") 
mills,  collected  on  2d  April  1864  )■ 
at  12.3  p.m.        .         .  .J 

12-52 
21-48 
11-32 
21-12 
37-00 
20-92 
55-52 

87-  43 
78-52 

88-  68 

78-  88 
63-00 

79-  08 
44-48 

100-00 
100-00 
100-00 
100-00 
100-00 
100-00 
100-00 

0-34 
0-62 
0-46 
0-69 
0-84 

0-  62 

1-  34 

Average  of  7  samples 

25-70 

74-30 

100-00 

0-69 

10746. 
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Table  P. 

Sedimentary  Matters  collected  from  the  bed  of  tlie  Harbour  of  Leitli. 


Dried  at  212°  Fahrenheit. 


Temperatiu'o. 

Phico  and 
Time  of  Collection. 

Per-contage  composition. 

Air.  5 

sedimeut. 

Organic 
matter. 

Earthy 
matter. 

Total.  1 

Nitrogen.. 

Fahr. 

36° 

42° 
40° 
45° 
86° 

42° 
64° 
42° 

61° 

42° 
64° 

■  60° 

36° 
42° 
43° 
42° 

64° 
64° 

Fahr. 
41° 

42° 
45° 
45° 
41° 

42° 
50° 
42° 

54° 

42° 
52° 

50° 

41° 
42° 
42° 
42° 

54° 
52° 

South-east  side  of  harbour  of  Leith,"1 
bank  below  Junction  Road  Bridge, 
and  oil'  Bulls  Stank  Sewer,  col-  > 
lected  on  19th  March  1804  at 
8.10  p.m.      -        -        -  -J 

South-east  side  of  harbour  of  Leith,  ~) 
bank  above  Ooalhill,  collected  on  > 
23d  March  1864  at  7.15  p.m.  ■) 

South-east  side  of  harbour  of  Leith,S 
10  yards  above  Coalhill,  collected  > 
ou  21st  March  18C4  at  5.48  p.m.  -J 

South-east  side  of  harbour  of  Leith,") 
10  yards  above  Coalhill,  collected  > 
on  29th  March  1864  at  12.55  p.m.  -) 

South-east  side  of  harbour  of  Leith, 
3  yards  in  front  of  Coalhill,  col-  ( 
lected  on  19th  March  1864  at  7.52  f 
a.m.      .      .        -        -  -J 

South-east  side  of  harbour  of  Leith,S 
alongside  Coalhill,  collected  on  >- 
23d  March  1864  at  6 . 30  p.m.  -) 

South-east  side  of  harbour  of  Leith,~j 
between  drawbridges,  collected  on  >■ 
25th  May  1864  at  11.40  a.m.  -) 

South-east  side  of  harbour  of  Leith,"\ 
below  second  drawbridge,  col- 1 
lected  ou  23d  March  1864  at  6.53  f 
p.m.        .         .         -  .J 

South  east  side  of  harbour  of  Leitli,~) 
below  second  drawbridge,  col- 1 
lected  on  25th  May  1864  at  12.15  C 
p.m.        ...  -J 

South-east  side  of  harbour  of  Leith, 
off  Ferr.v  Boat  Stairs,  collected  on  >• 
23d  March  1864  at  7 . 0  p.m.         - ) 

South-east  side  of  harbour  of  Leith,^ 
at  entrance  to  Prince  of  Wales  f 
Graving  Dock,  collected  on  25th  f 
May  1864  at  12.30  p.m.      -  -J 

South-east  side  of  harbour  of  Leith,~\ 
at  entrance  to  Prince  of  Wales  I 
Graving  Dock,  collected  on  28th  C 
May  1864  (Dredger)  at  2.45  p.m.  -J 

Average  of  12  samples 

North-west  side  of  harbour  of  Leith,") 
opposite  Coalhill,  collected  on  19th  > 
March  1864  at  7 . 45  a.m.      -  -J 

North-west  side  of  harbour  of  Leith, 
at  upper  di-awbridge,  collected  on  , 
23d  March  1864  at  6 . 25  p.m.  -J 

North-west  side  of  harbour  of  Leith,  ^ 
opposite   FiAmarket,  collected 
ou  23d  March  1864  at  6.40  p.m.  -J 

North-west  side  of  harbour  of  Leith,- 
below  Second  Drawbridge,  col- 1 
lected   on  23d  March  1864  at 
6.50  p.m.      -        -  -> 

North-west  side  of  harbour  of  Leitn, 
at  side  of  Custom-house,  collected 
on  25th  May  1861  at  11.35  a.m.  -J 

North-west  side  of  harboiu-  of  Leith, 
ofl  bank  at  west  side  of  Jetty  Uead, 
entrance  to  Victoria  Dock,  col- 
lected on  25th  May  1864  at  12.10 
p.m.        -         ■         -'  -J 
Average  of  6  samples 

31-40 

47-72 
21-92 
52-50 

60-28 

27-72 
10-52 

10-36 

16-92 
18-72 
15-72 

26-20 

68-60 

52-28 
78-08 
47-50 

39-72 

72-  28 
89-48 

89-64 

83-  08 
81-28 

84-  28 

73-  80 

100 -00"^ 

100-00 
100-00 

■ 

100-00 

100-00 

100-00, 
100-00 

■  100-00 

100-00 
100-00 
100-00"] 

100- ooj 

0-84 

0-41 
0-43 

0-57 

,0-01 

■ 

0-58 

28-33 

71-67 

100-00 

\  0-G4 

25-32 
22-03 

■  32-20 

•  16-84 

■  12-62 

■  12-12 

74-68 
77-95 
67-80 

83-16 

87-48 

87-88 

lOO-OO" 
100-00 
100-00 

100-00, 

100-00- 

100-00, 

-  0-C3 
•  0-41 

20-18 

79-82 

100-00    1  0-C2 
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Table  Q. 

Gases  evolved  during  the  decomposition  of  the  Sedimentary  Matters 
lying  in  the  Edinburgh  Sewers  and  in  (he  Bed  of  the  Water  of 
Leith. 


Tem- 
perature 
of 

Sediment. 


Places  and  Time  of  Collection. 


Per-centage  composition  of  the  gases 
by  volume. 


\ju,l  kJ\JlH< 

acid. 

'  Oxygen. 

Other  gases. 

14-C3 

0-Sl  - 

'  84-50,  combustible 
with  blue-white 
flame. 

G-21 

0-69 

93-10  „ 

12-00 

1-20 

S6-80  „ 

14-65 

0-32 

85-03  „ 

3-60 

1-80 

91-00  „ 

1-56 

1-56 

90-83  , 

1-60 

1-40 

97-00  „ 

'1-30 

0-50 

95-20  „ 

4-90* 

1'60 

93-50  „ 

3-63 

2-17 

94-20  „ 

4-80 

1-90 

93-30    „  „ 

9-50 

1-40 

89-10  „ 

25 -60* 

1-80 

72-60  „ 

7- 70* 

1-40 

90-90  , 

13-40 

1-60 

85  "00    „  ., 

11-56 

2-01  1 

8O-43  not  combus- 
tible and  not  capa- 
ble of  supporting 
combustion. 

Pahr. 

45° 

46° 


47° 

54'' 

47° 
54° 
54° 
51° 

47° 

54° 

54° 
55° 
55° 

C0° 
C0° 


Gases  evolved  from  sediment  in  Lochi-in-^ 
Burn,  west  of  Slaughter-houses,  col- >• 
lected  on  14th  April  ISfil  -  -) 

Gases  evolved  from  sediment  in  bed  of") 
W^ater  of  Leith  at  Coltbridge,  collected  >■ 
on  14th  April  1864  -  -  -} 

Gases  evolved  from  sediment  in  bed  of) 
"Water  of  Leith  at  Coltbridge,  collected  > 
on  30th  May  1864  at  7  p.m.        -         -  J 
Gases  evolved  from  sediment  in  bed  of^ 
"Water  of  Leith,  behind  Moray  Place/ 
near  St.  Bernard's  "Well,  collected  on  ( 
14th  April  1801        -        .      .  .) 
Gases  evolved  from  sediment  in  bed  of~\ 
"Wat^r  of  Leith,  behind  Moray  Place  I 
near  St.  Bernard's  "Well,  collected  on  \ 
30th  May  1804  at  6-35  p.m.         -  .) 
Gases  evolved  from  sediment  iu  lade"^ 
behind  India  Place,  collected  on  14th  >■ 

April  1861  ) 

Gases  evolved  from  sediment  in  lade") 
behind  India  Place,  collected  on  30th  f- 
May  1864  at  6-20  p.m.         -  . 
Gases  evolved  from  sediment  in  bed  of) 
"Water  of  Leith,  below  Stockbridge,  on  J- 
30th  May  1864  at  6-5  p.m.  -         - ) 

Gases  evolved  from  sediment  in  bod  of^ 
Water  of  Leith,  behind  "Warriston  Cros-  f 
cent,  collected  on  80th  May  1804  at  5-50  ( 
p.m.        ...         .  .) 

Gases  evolved  from  sediment  in  bed  of") 
"Water  of  Leith,  at  St.  Mark's  Place,  ^ 
collected  on  14th  April  1861       -  -) 
Gases  evolved  from  sediment  in  bed  of^ 
Water  of  Leith,  at  St.  Mark's  Place  / 
collected  on  30th  May  1S64  at  5-30  1 
p,m.        -        -         .        .  .) 
Gases  evolved  from  sediment  in  bed  of 
AVater  of  Leith,  at  dam  above  Junction 
Road  Bridge,  collected  on  30th  May 
1864  at  5  p.m.  .... 

Gases  evolved  from  sediment  in  bed  of 
Harbour  of  Leith  between  Upper  and 
Lower  Drawbridges,  collected  on  30th 
May  1861i  at  4-40p.m. 
Gases  evolved  from  sediment  in  bed  of 
Harbour  of  Leith  oft'  Jettv  Head  at 
entrance  to  Victoria  Dock,  collected  on 
30th  May  1864  at  4-30 p.m. 

Gases  evolved  from  green  slime  collected" 
at  St.  Mark's  Place  on  4th  June  at 
9'30a.m.  and  placed  in  inverted  bottle 
In  throe  hours  the  gas  which  had  beeii 
evolved  was  examined  and  found  to 
consist  of        -       -       .  . 


Gases  evolved  from  green  slime  or  matter^ 
collected  at  St.  Mark's  Place  on  4th 
June  at  9-30  a.m.  and  placed  in  bottle 
containing  one-third  of  green  slime 
and  the  remaining  two-thirds  of  com- 
mon air.  Tlie  atmosphere  in  forty  hours 
extinguished  a  lighted  taper  and  was 
found:  to  consist  of        .         j  . 


'  Containing  hydro-sulphuric  acid  in  smaU  quantities. 


B  2 
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Table  R. 

Gases  dissolved  in  the  Water  of  the  Water  of  Leith,  &c. 


Tem- 
perature 

of 
Matter. 


Place  and 
Time  of  Collection. 


ii" 

61° 

47° 
45° 

46° 

47° 
E2° 
46° 
53° 
45° 
59° 
£9° 
52° 
£0° 
53° 
53° 
■  47° 
53° 
52° 
52° 
47° 
52° 
47° 
63° 
53° 


Cubic 
inches  of 

g«H 

1)01'  Ballon 
of  water. 


Spring  water,  as  supplied  to  EdinO 
burgh,  taken  from  main  leading 
into  the  cistern  at  Surgeons'  y 
Hall,  on  the  16tli  April  I'SGl  at  I 
10  a.m.      ...  .J 
Spring  water,  as  supplied  to  Edin-"] 
burgh,  taken  from  the  cistern  at 
Surgeons'  Hall  after  standing  a  } 
night  in  the  cistern,  on  18th 
April  1864  at  10.5  a  m.    .  -J 
Spring  water,  as  supplied  to  Edin-  ■) 
biirgh,  on  27th  May  186 1  at  3p.m.  i 
Water  from  Harclaw  Ueservoir, ") 
taken  on  15th  AprillSGt  at  11  a.m.  j 
Water  from  Water  of  Leith,  taken") 
from  above  Balei-no  Bridge  on  > 
15th  April  ISGli  at  12  noon         - ) 
Water  from  Water  of  Leith,  taken") 
from  above  Currie  on  loth  April  > 
18C4  at  12.35  p.m.       -      -  •) 
Water  from  Water  of  Leith,  taken") 
from  Gorgie  Dam  on  27th  May  >■ 
1861  at  12. « p.m.       -      -  -J 
Wafer  from  Water  of  Leith,  taken") 
above  Coltbridge  on  14tli  May  > 

1864  } 

Water  from  Water  of  Leith  taken") 
from  above  Coltbridge  on  27th  f 
May  lSG4atlp.m.    -       -  -) 
AVater  from  Lochrin  Burn,  west") 
of  slaiightor-hoiisos,  collected  on  >■ 
14th  April  lS6i      -        -  •) 
Water  from  Lochrin  Burn,  above") 
Caledonian  Distillerv,  collected  >■ 
on  27th  May  1864  at  12.25  p.m.  -) 
Water  from  Lochrin  Burn  above") 
Coltbridge,  collected  on  27th  > 
May  1864  at  1.15  p.m.     -  -) 
AVater  from  Moray  Place  Sewer, 
collected  on  27th  May  1864  at 
2.3  p.m.  .... 
Water  from  sewer  at  Canonmills,") 
collected  on  27th  May  1864  at  >■ 
2.18  p.m.     ...  -J 
Water  of  Leith  from  dam  below") 
Water  of  Leith  Village,  collected  > 
on  27th  May  1864  at  1.35  p.m. 
Water  of  Leith  below  Dean  Bridge,") 
collected  on  27th  May  1864  at  > 
1.40  p.m.     ...  -J 
Water  from  Water  of  Leith,  behind') 
Moray  Place,  near  St.  Bernard's  J- 
Well  ,'collected  on  14th  April  1 864  ; 
Water  from  Water  of  Leith, behind") 
Moray  Place,  near  St.  Bernard's  > 
Well,  on  27thMay  1864atl.50p.m.  J 
Water  from  Water  of  Leith,  above") 
Stockbridge,  collected  on  27th  > 
May  1864  at  2.6  p.m.       -  -J 
WaterfromAVaterofLeith,30  yards') 
below  Stockbridge,  collected  on  >■ 
27th  May  1864  at  2.8  p.m.  -J 
Water  from  Water  of  Leith  af) 
St.  Mark's  Place,  collected  on  , 
14th  April  1864      -  - 
Water  from  Water  of  Leith  at") 
St.  Mark's  Place,  collected  on  >• 
27th  May  1864  at  2.30  p.m. 
Wfter  from  lade  behind  India') 
Place,  collected  on  14th  ApriU 

18('4        -  ,  .  ;  T  t'^ 

Water  from  lade  behind  ludia") 
Place,  collected  on  27th  May  ^ 
1864  at  1.55  p.m.  -  r.  .  'i. 
Water  from  lade  before  .loining") 
Water  of  Leith  at  St.  Mark  s  f 
Place,  collected  on  27th  May  f 
1804  at  2.35  p.m.      -       -  -J 


Pcr-eentagc  composition  of  the 
gases  by  volume. 


Carbonic 
acid. 


Oxygen, 


Other 
gases. 


10-01 

9-59 

28-77 

61-61 

9-96 

10-71 

29-47 

59-82 

9-33 

8-70 

29-40 

01-90 

9-24 

1-92 

29-23 

68-85 

9-69 

1-89 

28-87 

69-24 

9-30 

5-88 

22-06 

72-06 

9-21 

6-10 

25-20 

68-70 

9-60 

7-41 

22-22 

70-37 

9-29 

6-GO 

22-30 

71-20 

13-71 

52-67 

3-33 

44-00 

9-77 

50-00 

2-70 

47-30 

12-67 

54-70 

2-10 

43-20 

10-74 

42-30 

2-80 

54-90 

13-87 

69-60 

2*60 

37-80 

6-31 

6-30 

4-20 

89-50 

7-23 

14-30 

5-70 

80-00 

6-90 

14-29 

10-20 

75-51 

7-29 

22-00 

6-10 

71-90 

G-95 

19-70 

0-60 

73-70 

5- GO 

24-60 

4-10 

71-30 

7-64 

18-60 

6-93 

74-42 

8-87 

25-80 

4-10 

70-10 

6-47 

9-52 

4-70 

85-72 

7-13 

12-80 

0-40 

80-80 

7-04 

14-20 

6-10 

60-10 
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Table  S. 

Examination  of  the  Atmosphere  in  the  neighbourhood  of  the  Water 
of  Leith,  &c.  determined  by  standard  solution  of  i^ermanganato 
of  potash. 

Degree  of  absolute  purity  of  air,  100°. 


Place  and  Time  of  Collection. 


Tem- 
perature 
of  air. 


Degree 
of  purity. 


Air  collected  at  west  side  of  St.  Andrew's  Square,  Bdinljurgh,  1 

0n7thAprill86iatC.35p.m.  -  -  -  -  -J 
Air  collected  at  the  Scott  Monument,  Pi-inces  Street,  Edinburgh,  I 

on  7th  April  18G1  at  G. 25  p.m.  ...  -  -j 
Air  collected  on  the  Calton  Hill  in  Edinburgh  on  7th  April  18611 

at  5.40  p.m.         -  -  -  -  -  -i 

Air  collected  over  the  Loclu-in  Burn  Sewer  west  of  slaughter- 1 

houses  on  7th  April  1SG4  at  1  p.m.         .         .  .  .j 

Air  collected  in  the  vicinit,y  of  tlio  Canoumills  Sewer  in  the  I 

"Water  of  Leith  on  7th  April  1864  at  5  p.m.  -  -  -j 
Air  collected  over  tho  Water  of  Leith  above  Coltbridgo,  and") 

before  mingling  with  sewage,  on  7th  April  1864  at  1 .40  p.m.    -  j 

Air  collected  over  the  Water  of  Leith  below  the  dam  under  1 
Water  of  Leith  VOIage  on  7th  April  1S64  at  2.10  p.m.      -      -  J 

Air  collected  over  the  lade  behind  Moray  Place  on  7th  April  1864 1 
at  2.55  p.m.  ...... 

Air  collected  over  the  Water  of  Leith  at  St.  Mark's  Place  on  ) 
7th  April  1SG4  at  5.15  p.m.         ....  .J 

Air  collected  at  west  .side  of  St.  Andrew's  Square,  Edinburgh,") 
on  9th  April  1S64  at  10.21  a.m.       -       -         .         .  .) 
Air  collected  on  the  Calton  Uill,  Edinburgh  (S.  of  Observatory) ") 
on  9th  April  ISfll at  10.34a.m.       -  -         -  .j 

Air  collected  iu  AVindsor  Street,  Edinburgh,  on  9th  Aprill864") 
at  10.43  .a.m.  .j 
Air  collected  at  the  south-west  corners  of  Constitution  and") 
Charlotte  Streets,  Leith,  on  9th  April  180i  at  1.20  p.m.  -J 
Air  collected  in  harbour  of  Leith  at  Victoria  Dock  Head  on) 
9th  April  186 1. at  2. 30  p.m.         ...         .  .j 

Air  collected  in  harbom-  of  Leith  off  Perry  Boat  Stairs  on) 
9th  April  1861  at  3  p.m.        -         -  .  .  .j 

Air  collected  at  foot  of  Fishmarket  Stairs,  harbour  of  Leith,  on  ) 
9th  April  1801  at  11.10  a.m.         -        -         -  .  .j 

Air  collected  olf  side  of  vessel  near  Coalhill  Sewer,  Leith,  on  ) 
9th  Aprin864  at  11.25  a.m.  .  .  .  .j 

Air  collected  over  tho  Water  of  Leith,  midway  between  Coalhill ) 
and  Bulls  Stank  Sewers  on  9th  April  ISOl  at  2.40  p.m.  -  f 

Air  collected  at  east  sldo  of  Junction  Road  Bridge  over  Water  7 
of  Leith  on  9th  April  1861  at  11.33  a.m.       -       -       .  -j 
Air  collected  in  the  vicinity  of  the  Broughton  Burn,  near  Leith,") 
on  9tli  April  1864  at  12.15  p.m.  -  .  .  t 

Air  collected  over  the  AVater  of  Leith  at  St.  Mark's  Place,  EdinO 
bm-gh,  on  9th  April  18G4  at  3.35  p.m.      -     .      .      .  .f 

Air  collfctcd  in  tlio  vicinity  of  the  North  Sewer  at  Stookbridco  ) 
Edinburgh,  on  9th  April  1804  at  4  pm.       -       -       .  it 
Air  collected  over  tho  lade  behind  India  Place,  Edinburgh,  on) 
9th  April  ISGl  at  4.10  p.m.  -  .  .  .  i 

Air  collected  under  dam  below  AVater  of  Loith  Tillace  Edino 
burgh,  on  9th  April  ISOl  at  4.30  p.m.       -         .         .         ,  f 
Air  collected  under  dam  above  AA^ater  of  Leith  A''illaee  Edin-i 
Tiurgh,  on  9th  April  1861  at  4. 10  p.m.       -        .      ^  '.  A 
Air  collected  ovor  the  Lochrin  Burn,  west  of  slaughter-houses  ) 
on  14th  April  1804  at  11.20  a.m.       -       -         -         .  '.i 
Air  collected  over  AVater  of  Loith  above  Coltbridgo,  and  before) 
mingling;  with  sewage,  on  14th  April  1831  at  ]  2 . 20  p  m  -  f 

Air  collected  over  Water  of  Leith  behind  Moray  Place  Edin-) 
burgh,  on  14th  April  1801  at  1  p.m.      -      -       .  ( 
Air  collected  over  AVater  of  Loith  behind  India  Place  Edin-i 
burgh,  oil  14th  April  1801  at  1 .40  p.m.  .  .  '         .  } 

Air  collected  iu  tho  vicinity  of  tho  North  Sewor  at  Stockbridge.) 
Edmburgli,  onllth  AprillSGt,atl..30p.m.        -         -    ^  ' 
P'>."^1'  »t  St.  Mark's  Place,  Edin-| 


burgh,  on  14th  April  ISOl  at  2.30  p.u'i. 


57° 
57° 
57° 
66° 
55° 
50° 

58° 

56° 

54° 

59° 

63° 

64° 

64° 

59° 

61° 

59° 

63° 

64° 

Cfl° 

65° 

62° 

56° 

61° 

63° 

61° 

60° 

60° 

63° 

63° 

62° 

01° 


85° 
70° 
67° 
55° 
58° 
75° 

(1)  100°  destroyed. 
(2  100°  destroyed. 
(3)  100°,  and  only 
20°  left. 

55° 
63' 
80° 


80° 

80° 

70° 

60° 

60° 

50° 

60° 

60° 

53° 

65 

65° 

CO" 

50° 

55° 

68° 

80° 

60° 

70' 

et° 

70° 


6i 
Table  T. 

'i-ganic  giwths  found  in  the  open  sewers  and  in  the  Water  of  Leith 

conveying  sewage. 


Dried  at  212°  Fahrenheit. 


Place  and 
Time  of  Collection. 

Per-centago  composition. 

Organic 
matter. 

Earthy 
matter. 

Total. 

Nitrogen. 

j5dinbui;Kli  sewers,  organic  gro\rtli  collected") 
from  Lochrin  Hurn,  west  of  slaughter-  )■ 
houses,  on  23d  March  186<l  at  1.5  p.m.  -) 

Edinburgh  sowers,  organic  growth  collected") 
-from  Lochrin  J5uvn,  west  of  slaughter-  S- 
nouses,  on  20th  May  ISGl  at  12.40  p.m.  -) 

"Water  of  Leith  lade,  organic  growth  col-^ 
lected  fi-om  twigs  of  trees  hanging  into  ( 
tlie  lade  behind  Moray  Place  on  23d  March  ( 
1SG4  at  3  p.m  ) 

"Water  of  Leith  lade,  organic  growth  col-"^ 
lected  from  the  stQnes  of  the  sides  of  the  ( 
lade  behind  Moray  Place  on  23d  March  ( 
1864  at  3.10  p.m.       -        .        .        .  ) 

"Water  of  Leith  laclo,  organic  growth  col-^ 
lected  from  the  stones  of  the  sides  of  the  ( 
lade  behind  Moray  and  Ainslie  Place  on  ( 
28th  May  1864  at  2.15  p.m.       -       -  -) 

Bed  of  "V4''ator  of  Leith,  organic  growth  col-"N 
lected  off  stones  in  bed  of  river  behind  ( 
Moray  and  Ainslie  Places  on  11th  April  ( 
1864at  11.30  a.m.  ) 

Bed  of  "Water  of  Leith,  organic  growth  col-^ 
lected  off  sides  of  run  of  Water  of  Leith,  ( 
30  yards  below  Stoekbridge,  on  20th  Jlay  { 
1864  at  2.40  p.m.  ) 

Average  of  7  sojnples 

04-32 
40-52 

34-00 
38-84 
.57-87 
66-00 
52-12 

35-08 
59-48 

05-40 
01 -IG 
42-13 
34-00 
47-88 

100-00 
100-00 

100-00 
100-00 
100-00 
100-00 
100 -00 

0-96 
0-68 

0-53 

0-  50 

1-  42 
0-79 
0-92 

50 -Gl 

49-39     1  100-00 

0-84 

Table  U. 
Average  Analyses. 

Liquids  collected  from  the  Drains  and  Sewers  discharging  into  the  Water 
of  Leith.    One  Luperial  Gallon  contains 


In  solution. 

In  suspension. 

In  solution  and 
suspension. 

a 

u 

•S.S 

u 

^> 

ED 

a.s 

Place  of  Collection. 
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Average  of  18  samples  from  Lochrin  Burn"j 
sewer,  west  of  abbatoir  or  slaughter-  > 
houses        -        -"       -        -  -) 

51-27 

12-36 

26-61 

38-97 

33-06 

24-66 

57-72 

45-42 

96-69 

Average  of  15  samples  from  Lochrin  Bm-n  | 
sewer,  above  Caledonian  Distillery  -j 

15-77 

26-70 

42-47 

28-01 

7-79 

36-40 

44-38 

34-49 

78-87 

Average  of  20  sam])les  from  Lochrin  Bul-n■^ 

sewer,  above  Coltbridgc  and  just  Defore  ( 
entering  the  Water  of  Leith,  west  of  ( 

31-31 

20-53 

57-84 

29-23 

9-17 

38-40 

60-51 

35-70 

96-24 

Edinburgh        -         -        -  -J 

Average  of  10  samples  from  North  sewer  ^ 

8-29 

24-04 

32-33 

13-27 

8-81 

22-08 

21*66 

82-85 

54-41 

at  Stoekbridge,  Edinburgh      -        -  j 

Averageof  12  samples  from  South  (Moray") 

7-07 

22-45 

29-62 

24'72 

12-46 

37-17 

31-70 

34-90 

66-69 

Place)  sewer  at  Stoekbridge      -  -J 

Average  of  21  samples  from  Canonmills ) 

8-20 

24-10 

32-30 

15-50 

11-00 

26-50 

23-70 

36-10 

58-80 

scwcr       -        -        -        "  ,  '-^ 

Average  of  2  samples  from  Broughton  i 

10-56 

25-52 

36-08 

37-44 

17-20 

54-64 

48-00 

42-72 

90-72 

Bum  sewer  at  Bennington  Road  -J 

Average  of  5  samples  from  Bulls  Stank) 

5-92 

31-42 

37-34 

10-88 

5-28 

16-16 

18-80 

36-70 

53-50 

sewer       -        -        -        -  -S 

Average  of  3  samples  from  Coal  Hill  sewer ") 

04- 64 

145-76 

210 -'40 

80-43 

36-32 

116-80 

145-12 

182-08 

327-20 

at  Leith     -        -        -        -      -  J 

Average  of  1  sample  from  sewer  below  \ 

7-84 

46-60 

54-40 

10-40 

4-80 

15-20 

18-24 

51-36 

69-60 

lower  di-awbridgc  at  Leith      -        -  J 
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Table  V. 
Average  Analyses. 

Liquids  collected  from  the  "Water  of  Leith,  from  immediately  above  Coltbridge 
down  to  the  Harbour  of  Leith.    One  ImiDerial  Gallon  contains 


In  solution. 

In  suspension. 

In  solution  and 
suspension. 

Place  of  Collectiou. 

Organic  matter 
in  grains. 

Saline  matter  in 
grains. 

Total  matter  in 
solution  in 
grains. 

Organic  matter 
in  grains. 

Earthy  matter 
in  grains. 

Total  matter  in 
suspension  in 
grains. 

Organic  matter 
in  grains. 

Saline  and. 
earthy  matter 
in  grains. 

Grandtotal  mat- 
ter in  grains. 

Average  of  23  samples  from  the  Water  ■) 
of  Leith  immediately  above  Coltbridge  j 

3- Si 

12-96 

16-30 

1-73 

2-32 

4-05 

5-07 

15-28 

20-35 

Average  of  1  sample  from  the  "Water  of) 
Leitli  at  dam  below  Coltbridge  -      -  J 

G-40 

16-80 

23-20 

2'96 

1-32 

4-28 

9-36 

18-12 

27-48 

Average  of  2  samples  from  the  Water  of"j 
Leith  at  dam  above  Water  of  Leith  >• 
mage  ; 

4-60 

11-84 

16-44 

5-59 

3-04 

8-63 

10-19 

14-88 

25-07 

Average  of  8  samples  from  the  Water  of ~4 
Leitn  at  dam  below  Water  of  Leith  > 
VUlage  ) 

5-36 

14-93 

20-29 

4-27 

1-38 

5-65 

9-63 

16-31 

25-94 

Average  of  6  samples  from  the  Water  of) 
Leitli  under  Dean  Bridge       -  -J 

7-39 

15-73 

23-12 

2-76 

0-69 

3-45 

10-15 

16-42 

26-67 

Average  of  6  samples  fi-om  the  Water  of) 
Leith  behind  Moray  Place,  near  St.  >■ 
Bernard's  Well      -        -        -  -J 

6-86 

15-08 

21-94 

2-75 

0-70 

3-45 

9-61 

15-78 

25-39 

Average  of  6  samples  ft-om  the  Water  of) 
Leith  above  Stockbridge        -  -j 

7-36 

16-16 

23-52 

2-55 

0-58 

3-13 

9-91 

16-74 

26-66 

Average  of  9  samples  from  the  Water  of") 
of  Leith,  30  yards  below  Stockbridge  -  J 

8-92 

15-40 

24-32 

14-24 

2-50 

16-74 

23-16 

17-90 

41-06 

-Vverage  of  1  sample  from  the  Water  of) 
Leitli  behind  Warriston  Crescent      -  J 

7-04 

25-60 

32-64 

10-68 

3-52 

14-20 

17-72 

29-12 

46-84 

Average  of  6  samples  from  the  Water  of) 
Leith  lade  behmd  India  Place    -  -) 

6-05 

17-14 

23-19 

2-84 

1-OG 

3-90 

8-89 

18-20 

27-09 

Average  of  2  samples  from  the  Water  of) 
Leith  lade  below  Beaver  Hall   -       -  j 

10-20 

17-28 

27-48 

6-02 

1-36 

7-38 

16-22 

18 -04 

34*86 

Average  of  18  samples  fi-om  the  Water  of) 
Leitn  at  St.  Mark's  Place  below  junc-  f 
tion  of  lade  -       -        -        -  ■) 

7*98 

14-68 

22-66 

18-47 

15-27 

33-73 

26-45 

29-95 

56-39 

Average  of  1  sample  from  the  Water  of") 
Leith  from  dam  above  Boimington  -j 

12-80 

17-80 

30-60 

115-68 

153-12 

268-80 

128-48 

170-92 

299-40 

Average  of  1  sample  from  the  Water  of) 
Leith  at  boimdaiy  of  Edinburgh  and  >■ 
Leith  at  Bonnington  Bridge      -  -) 

10-24 

17-60 

27-84 

30-88 

33-12 

64-00 

41-12 

60-72 

91-84 

Average  of  1  sample  from  the  Water  of  ~) 
Leith  from  dam  above  Junction  Road  >■ 
Bridge  ..-..) 

16-96 

21-92 

38-88 

500-96 

369-12 

870-08 

517-92 

391-04 

908-96 

Average  of  1  sample  from  the  Water  of") 
Leitli  above  the  Saw  Mills  at  Leith    -  j 

4-32 

10-08 

14-40 

5-20 

3-52 

8-72 

9-52 

13-60 

23-12 

Average  of  2  samples  from  the  Water  of) 
Leitn  below  Junction  Road  Bridge    -  j 

9-18 

18-32 

27-50 

3-72 

3-28 

7-00 

12-90 

21-60 

34-60 

Average  of  3  samples  from  the  Water  of) 
Leitli  above  Coal  Hill  at  Leith    -      -  j 

9-01 

65-60 

74-61 

14-29 

5-92 

20-21 

23-30 

71-52 

94-82 

.Vvera«e  of  1  sample  from  the  Water  of) 
Leith  from  off  Coal  Hill  Sewer  at  Leith  J 

35-20 

170-08 

205-28 

8-32 

6-72 

15-04 

43-52 

176-80 

220-32 

Average  of  1  sample  from  the  Water  of ) 
Leitli  from  haroour  at  "Upper  Draw-  > 
bridge  ----._) 

27-36 

157-76 

185-12 

4-16 

3-84 

8-00 

31-52 

161-60 

193-12 

Average  of  1  sample  from  the  Water  of) 
Leith  from  harbour  below  Upper  Draw-  >• 
bridge  --...) 

31-84 

609-60 

641-44 

10-72 

10-40 

21-12 

42-56 

020-00 

662-56 

Average  of  1  sample  from  the  Water  of) 
Leith  from  harbour  off  "Victoria  Dock-  > 
head  --...) 

3-92 

1208-80 

1212-72 

1-32 

1-12 

2-44 

B-24 

1209-92 

1216-1 
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Table  W. 
Average  Anali/ses. 
Sedinientaiy  Matters  collected  from  the  opeu  Sewers  discharging  into 
the  Water  of  Leith  from  the  bed  of  the  Water  of  Leith,  and  from 
the  bottom  of  the  Edinburgh  lade. 

Dried  at  212°  Fahr. 


Placo  of  Collection. 


rof-) 


Leith,  between  AVater  of  Leith  Village  and 
Dean  Bridgo 

Average  of  3  samples  collected  ft-om  bed  of  Water  of) 
Leith,  behind  Ainslio  and  Moray  Places      -       -  j 

Average  of  8  samples  collected  from  bed  of  Water  of) 
Leith,  below  North  and  South  sewers  at  Stock- 1- 
bridge  ..-....) 

Average  of  1  sample  collected  from  bed  of  Water  of) 
Leith,  from  sides  of  narrowed  chainiol  at  Stock-  > 
bridge  .......) 

Average  of  1  sample  collected  from  bed  of  Water  of) 
Leitii,  80  yards  below  Stockbridge      -        -  -i 

Average  of  1  sample  collected  from  bed  of  Water  of) 
Leith,  behind  Malta  Terrace        -        -  -  J 

A^  eraee  of  1  sample  collected  from  bed  of  Watir  of) 
Leith,  in  fi-out  of  sewer  at  Canoumills       -  -J 

Average  of  9  samples  collected  from  bed  of  Water  ofj 
Leith,  beliiud  Wamstou  Crescent  and  at  St.  Mark's  >■ 
Place        ------  -J 

Average  of  1  sample  collected  from  bed  of  Water  of) 
Leith  at  dam  above  Bonnhigton      -        -  -J 

Average  of  1  sample  collected  from  bed  of  Wat(!r  of) 
Leith  at  boundary  of  Edinburgh  and  Leith  at  > 
Bennington  Bridge        -        -        -        -  -) 

Average  of  1  sample  collected  from  bed  of  Water  of) 
Leith,  immediately  below  the  junction  of  the  V 
Broughton  Burn  ..-..) 

A\orage  of  1  samnlo  collected  from  bed  of  Water  of) 
Leitu,  at  dam  above  Junction  Uoad  Bridge  -  -J 

Average  of  7  samples  collected  from  bed  of  Water  of  > 
Loith  lade  which  traverses  Edinbiu'sh      -  -J 


Average  of  12  samples  collected  fi'om  the  bottom  of) 
the  harbour  of  Leith,  south-cast  side  -       -  -J 

Average  of  o  Kaniplcs  collected  from  the  bottom  of) 
tlio  harbour  of  LeiLh,  north-west  side       -  -S 


Por-centage  composition. 


Organic 
matter. 


Earthy 
matter. 


Total. 


Average  of  7  samples  collected  from  Edinburgh") 
sewers,  Lochrm  Burn  sewer,  west  of  abbatoir  or  >■ 
slaughter-houses  -       -        .        -        .      .)  \ 

Average  of  3  samples  collected  from  Edinburgh 
sewers,  Lochrin  Biu-n  sewer,  above  Caledonian  Lis- 
.  tillery     -        .        .        .        .  ... 

Average  of  3  samples  collected  from  Edinburgh") 
sewers,  Lochrin  Bm-n  sewer,  immediately  above  !^ 
Coltbridge  -       -        -        -        .        -  ■) 

Average  of  1  sample  collected  from  Edinburgh-) 
sewers.  Bulls  Stank  sower,  at  Lovers  Loan  -  -J 

Average  of  1  sample  collected  from  Edinburgh") 
sewers,  Broughton  Burn  sewer,  at  Bennington  > 
Road  -  .J 


Avei-age  of  <l  samples  collected  from  bed  of  Water  of 


(19-70 


27-70 


17-02 


50-72 


20-52 


48-12 
44-92 
43-07 

34-52 

25-12 
32-52 


50 -SO* 

72-30 

82-98 
49-28 
79-4S 


51-SS 
55-08 
50-33 

05 -'18 

74-88 
67-48 


100-00 

100-00 

100-00 
100-00 
100-00 


100-00 
100-00 
100-00 

100-00 

100-00 
100-00 


Nitrogen. 


31-72 

68-23 

100-00 

0-57 

30-05 

63-95 

100-00 

1-05 

49-72 

50-28 

100-00 

1-40 

26-92 

73-03 

100-00 

0-70 

13-72 

86-28 

100-00 

0-52 

27-72 

72-23 

100-00 

0-70 

25-70 

74-30 

100-00 

0-69 

28-33 

71 -07 

100-00 

0-Gt 

20-18 

70  82 

100-00 

0-62 

1-27 
0-52 

0-71 

0-76 
0-83 


1-63 
0-93 
1'14 

0-  50 

1-  03 
1-08 
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Table  X. 

Average  Analyses. 

Gases  evolved  during  the  decomposition  of  the  Sedimentary  Matters 
lying  in  the  open  Sewers,  the  Lades,  and  in  the  Bed  of  the  Water 
of  Leith. 


Per-centage  composition  of  tlie  gases 
by  volume. 


Place  of  Collection. 

Carbonic 
acid. 

Oxygen. 

Other  gases. 

Average  of  1  sample  of  gases  evolved  from  sediment  > 
in  Lochrin  Biu-n    -       -        -        -        •  -5 

14'G3 

0-81  1 

84' 56,  combustible 
with  blue  white 
flame. 

Avera<;o  of  4  samples  of  gases  evolved  fi-om  sediment") 
in  bed  of  Water  of  Leith  from  Coltbridge  doTO  to  >• 
St.  Bernard's  Well  J 

9-12 

1-00 

89-88  „  „ 

Average  of  2  samples  of  gases  evolved  from  sediment"! 
in  lade  of  Water  of  Leith  which  traverses  Edin-  > 
burgh  ..-..••) 

1-58 

1-48 

96-94  „  „ 

Average  of  5  samples  of  gases  evolved  ft-om  sediment"! 
in  bed  of  Water  of  Leith,  ft'om  Stockbridge  down  >• 
to  Junction  Road  Bridge      ...  -J 

5-43* 

1-51 

93-06  „  „ 

Average  of  2  samples  of  gases  evolved  from  sediment  \ 
in  Harbour  of  Leith      -        -        -        '  -i 

16 -es* 

1-60 

81-75  „ 

*  Containing  hydrosulphuric  acid  (sulphm-etted  hydrogen). 


Table  Y. 


Average  Analyses. 
Gases  dissolved  in  the  Water  of  the  Water  of  Leith,  &c. 


Place  of  Collection. 

Cubic 
inches  of 

Per-centage  composition  of  the 
gases  by  volume. 

gas 
per  gallon 
of  water. 

Carbonic 
acid. 

Oxygen. 

Other  gases. 

Average  of  3  samples  of  spring-water  as") 
svipplied  to  Edinburgh       -        .  .j 

9-77 

9-07 

29-21 

01-12 

Average  of  2  samples  of  water  from  the") 
sources  of  the  Water  of  Leith  -  - 

9-47 

1-91 

29-05 

69-04 

Average  of  4  samples  of  water  from  the") 
Water  of  Leith  as  it  Hows  do^vn  to  Colt-  > 
bridge  -.....) 

9-35 

6-50 

22-92 

70-58 

Average  of  5  samples  of  water  from  the") 
sewers  of  Edinbm-gh       -       -  -j 

12-15 

51-85 

2-71 

45-41 

Average  of  8  samples  of  water  ft-om  the") 
Water  of  Leith,  from  Coltbridge  do^vn  to 
St.  Mark's  Place       -        -         .  .) 

7-10 

18-20 

6-00 

75-80 

Average  of  3  samples  of  water  from  the  lade") 
of  the  Water  of  Leith  which  traverses  5- 
EdniburgU       -        -        .        •  -} 

7-08 

12-17 

5-52 

82-31 
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Table  Z. 

Average  Analyses. 

Examination  of  the  Atmosphere  in  the  Neighbourhood  of  the  Water 

of  Leith,  &c. 

Degree  of  absolute  Purity  of  Air,  100°- 00. 


Place  of  Collection. 


Average  of  7  samples  of  air  collected  from  five  stations') 
in  Edinburgh  and  Leith  away  from  the  influence  t 
of  open  sewers  and  of  the  Water  of  Leith    -  -j 

Average  of  2  samples  of  au-  collected  over  the  "Water") 
of  Loith  above  Coltbridge  and  before  mingling  with  [■ 


sewage 


Average  of  3  samples  of  air  collected  from  above  the") 
open  sewers  of  Edinburgh  and  Leith  ■       -  -i 

Average  of  16  samples  of  air  collected  over  the  Water") 
of  Leith  from  Coltbridge  down  to  the  Harbour  of  > 
Leith,  and  after  being  mingled  with  sewage*  -j 

Average  of  2  samples  of  air  collected  over  the  lade  of") 
the  Water  of  Leith  which  traverses  Edinburgh  >■ 
and  conveys  sewage       -        -        ■        '  -) 


Degree 
of  Purity. 


77°- 50 
59° -33 
C0°-S7 

57° -50 


•  One  sample  of  air  collected  over  the  Water  of  Leith,  below  the  dam  under  Water  of  Leith 
"Village,  has  not  been  included  in  the  above  average,  as  its  degree  of  impurity  is  unusually  high 
(Table  S.)  owing  to  the  more  rapid  escape  of  the  impure  gases  from  the  water  as  it  falls  over 
the  dam  and  is  dashed  into  foam. 


INDEX. 


Page. 


Abattoir,  di-aining  into  Lochrin  Bm-n  Sewer 
Acre,  discharge  of  sewage  per      -  - 
Ainslie  Place,  Water  of  Leith  behind      -  -  " 

Ainslie  Place,  Water  of  Leith  Lade  behind 
^Zjfffi  in  Water  of  Leith,  &c.        -  -  " 

Animalculse  in  Water  of  Leith  -  -        "  " 

Animal  life  in  the  Water  of  Leith  -  - 

Assesment  for  main  drainage  works  -        „"  ^, 

Atmosphere  in  the  neighbourhood  of  the  Water  of  Leith  - 

Bavelaw  Bum,  one  of  the  sources  of  the  Water  of  Leith  - 
Beaver  Hall,  lade  passing  by      "    ^  "o  '1 

Bernard  Street  Drain,  or  Low'cr  DraVrbridge  Sewer  at 

Leith        -         -         -    _  ' 
Bonnington  Bridge,  Water  of  Leith  at  - 

Bonniugton,  Water  of  Leith  at  dam  above  -         -  - 
Boundary  of  Edinburgh  and  Leith  at  Bonnington  Bridge, 
Water  of  Leith  at  -        -  -  -  " 

Broughton  Burn  Sewer  - 
Bulls  Stank  Sewer 

Caledonian  Distillery,  draining  into  Lochrin  Bum  Sewer 
Canonmills  Sewer  .  -  -  - 

„  „     Water  of  Leith  at       -       -  - 

Carbonic  acid,  testing  for         -  -  .  . 

Carchesium  in  Water  of  Leith       -  .  - 

Cesspools  in  Edinburgh 

Cesspools,  contamination  of  wells  by  -  - 

Clarence  Street,  lade  passes  below  houses  at 

Coal  Hill  Sewer  at  Leith         .         .  . 

Coal  Hill,  Harbour  of  Leith  at  -  -  - 

Coltbridge,  on  the  Water  of  Leith,  and  where  the  Edin- 
burgh sewage  fl'om  the  Lochrin  Bum  commences  to  be 
discharged  into  the  stream       -  .  _  _ 

Conclusions,  General,  on  the  contamination  of  the  Water 
of  Leith  by  the  sewage  of  Edinburgh  and  Leith 

Conclusions,  General,  on  the  important  question  of  the 
influence  of  drainage  waters,  &c.  on  natural  waters 

Craigentinny  Burn  drainage  district  .  .  . 

Currie,  Water  of  Leith  at       -  -  -  - 

Dairy  Bum,  discharging  into  the  Lochrin  Bum 

Dam  below  Water  of  Leith  Village  _  .  - 

Dam  above  Bonnington  _  .  _ 

Dean  Bridge,  Water  of  Leith  under       -  - 

Deposits,  sedimentary,  in  sewers  -  _      .  . 

„         „         Water  of  Leith      -         -  - 
„         „         Water  of  Leith  Lade     -      -  - 
„         „         Gases  evolved  froni  - 
Drainage  Districts  of  Edinburgh  -  - 

Drainage  area  of  Water  of  Leith    -  -  .  . 

Drainage  works  for  the  purification  of  the  Water  of  Leith  - 
Drainage  materials,  general  conchisions  on  the  influence  of 

such  on  natui'al  waters      -     .  - 
Drawbridge.  Sewer,  Lower         -  -  -  . 
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